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FOREWORD

This final technical report, entitled "Correlation
Signatures of Wet Soils and Snows", presents the results of
18 months programming and algorithm development under the
auspices of the National Aercnautics and Space Admiaistration
(NASA) , with Mr. Robert Jayroe acting COR. This work was
performed under contract NAS8-26797 (IITRI Project J6243).
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CORRELATION SIGNATURES OF WET SOILS AND SNOWS

M. R. Phillips
11T Research Institute

SUMMARY

During the past several months and since the inception of
the Flight Data Statistics Office, a growing trend to analyze
and process Earth Resources Flight Data has prevailed. 1In view
of the growing interest at Marshall Space Flight Center to or-
ganize and establish capabilities to perform research studies
in this area, endeavors in the areas of interpretation, analysis,
and development of algorithms have provided the necessary compu-
tational programming tools for data processing and data handling
and analysis. Algorithms that have been developed thus far, are
adequate and have been proven successful for several preliminary
and fundamental applicatibns such as software interfacing capa-
bilities, probability distributions, grey level print plotting,
contour plotting, isometric data displays, joint probability
distributions, boundary mapping, channel registration and ground
scene classification. This report is written in two sections.
Section I consists of the algorithms that have been developed
individually under the existing contract and section II is a
description of an Earth Resources Flight Data Processor, (ERFDP)
which handles and processes earth resources data under a users

control.
SECTION I INTRODUCTIDN

In this section a description of each algorithm devéloped
under the existing contract will be presented. The algorithms
were developed as building blocks toward an automatic data pro-
cessor for processing earth resources flight data. Each algorithm
has been demonstrated to be compatible in an overall automatic
processing environment. These algorithms were developed using
an IBM 7094 computer with 32K available core storage.



1. PROBABILITY DISTRIBUTION

A probability density function was programmed, and the earth
resources data processor which is available upon request as an
option selection is included. This option gives a probability
density function for any number of channels, not to exceed 12,
of the multispectral data. This option is used when calculating
the slicing intervals of the probability distribution to provide
grey level mapping of any ground scene image. An estimate of
the probability density function is obtained digitally by divid-
ing the range of the data into a desired number of class inter-
vals d;. The probability of occurrence of a value X; in the
class interval is then given by

Pi(x) = Ni(X)/N,

where Ni(X) is the number of values that occur within the range
of d; (X d; ., and
k-1

is the total size of the population where K = number of class
intervals.

A. Computer Program

The computer program calculates the probability density of
any channel of a multispectral scanner consisting of 12 channels
of data. The distribution table is then printed out for all
channels requested, over all the data samples (see table I).

The program also passes to the grey level module the probability
distribution of each channel for grey level mapping.



TABLE I
PROBABILITY DISTRIBUTION

10 €H11 CH 12

AMPLITUDE CH 1 CH 2 CH 3 CH 4 CH 5 CH 6 CH 7 CH 8 CH 9 CH
~1.5 0 0 0 0 0 0 0 0 0 0 0 0
-1.4 0 0 2 0 2 0 0 0 0 0 1 0
-1.3 0 0 3 0 0 0 0 0 0 0 0 0
-1.2 1 0 9 0 5 0 0 1 0 0 1 0
-1.1 0 0 21 0 7 0 0. 0 1 1 8 0.
-1.0 5 0 29 0 15 1 0 1 0 0 22 0
-.9 4 0 35 0 17 1 0 3 2 4 1 0
- .8 8 1 39 0 34 2 3 9 7 8 47 0
~ .7 12 0 48 0 39 8 . 8 18 20 16 60 0
- .6 24 7 55 1 47 12 12 22 25 30 55 0
- .5 21 11 66 0 51 22 22 38 40 40 40 0
- .4 38 5 58 2 55 31 41 47 48 52 27 0
- .3 45 12 49 12 49 49 70 50 55 &0 11 0
-2 57 22 42 18 L4 66 82 54 62 72 6 5
- .1 59 37 33 20 39 - 72 96 47 51 55 5 1
0 62 44 25 35 33 62 79 41 45 52 0 8
.1 58 48 19 30 25 40 62 35 39 31 1 16
.2 51 49 12 41 18 22 38 25 25 20 0 27
.3 47 56 6 54 7 12 12 17 16 i5 0 32
A 35 52 1 61 8 8 10 12 8 7 0 39
.5 25 40 0 55 2 2 7 8 5 3 0 47
.6 22 32 1 45 1 0 2 0 1 5 0 52
.7 8 24 1] 40 0 1 1 2 0 1 0 65
.8 5 16 0 35 1 0 0 0 0 0 0 72
.9 7 8 0 28 0 0 0 0 0 0 0 58
1.0 3 7 0 20 0 0 0 0 0 0 0 46
1.1 1 1 0 12 0 0 0 0 0 0 0 39
1.2 0 0 0 7 0 0 0 0 0 0 0 22
1.3 1 1 0 0 0 0 0 0 0 0 0 7
1.4 0 0 0 1 0 0 0 0 0 0 0 1
1.5 0 0 0 0 0 0 0 0 0 0 0 0

NUMBER OF OCCURRENCES



B. Data Problem Parameters

NCH Number of channels or spectral bands on input tape

NSPS Number of samples per record or resolution ele-
ments across one scan

NSCANS Number of scans to process

NSTART Starting resolution element

NSTOP Stopping resolution element

NBTLG Bit length of input data word

MODE Signifying FORTRAN or non-FORTRAN input tape

ITYPE Type of input data; Floatiné point or fixed point

MSFC MSFC scanner format option

LTN Logical unit to load input tape

NSKIP Number of initial data records to skip before
processing

NCRE Data incrementation

XMAX Maximum value in data set

XMIN Minimum value in data set

NOCHS Number of channels to calculate probability density
function

NWHICH Channel selection for probability distribution
calculation

2. GREY LEVEL MAPPING

In order to preview earth resources data and obtain quick-
look information, a grey level mapping program was written to
include in the ERFDP. This gives a pictorial display of the
ground scene image quantized to 10 different levels. Characters
are selected to represent varying shades of grey. The levels
are calculated by slicing the probability distribution table of
selected channels into 10 separate cells (see Figure 1). The
number of occurrences in each cell is equally distributed over
the probability distribution. This is done by calculating
equal areas for each cell using the trapezoidal rule method.
Each of the 10 areas would represent one cell of the probability
distribution. Each resolution element is compared with all the
cells, and the cell in which it falls is assigned the respective
alphanumeric character.
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Figure 1 Quantized Probability Distribution Curve



A, Computer Program

The computer program was written as a module to be included
in the ERFDP. The logic provides communication with the prob-
ability distribution program, since information calculated in
that module is used in grey level mapping. The data are input
to the program module and each resolution element input to the
module is compared with each cell unitl it falls within the
quantized level of that cell., Each resolution element, X5 s is
examined such that

SLICE (j-1) < x; { SLICE (j)
where j = 1,2,3 ..., 1l1.

After the data point, %; has been quantized by this method,
it is replaced by its representative alphanumeric character and
plotted or printed. The plotting is output to the Stromberg-
Carlson 4020 recorder for display.

If automatic quantization is not desired, the program pro-
vides an option where the user can input quantized levels as a
table if other methods are desired (reference ERFDP users manual,

section II of this report).

B. Data Problem Parameters

NCH Number of channels on input tape

NSPS Number of samples per record or scan

NSCANS Number of scans to process

NSKIP Number of scans to skip before processing

NSTART Starting sample number in the scan

NSTOP Stopping sample number in the scan

1TERM Number of passes to make processing 120 samples
each pass

N Number of quantized levels plus one

ICHAN Selected channel used in grey level mapping

IPRT Option to print grey level



IPLT Option to plot grey level

INCX Increment in x direction for each sample
(rastexrs)

INCY Increment in y direction for each sample
(rasters)

NSTX Starting x coordinates or plot frame

NSTY Starting y coordinates on plot frame

NBTLG Bit length of input data words

MODE Signifies FORTRAN or non-FORTRAN

ITYPE Type of input data; Floating point or fixed
point

MSFC MSFC scanner format option

NCRE Data increment

LTN Logical tape unit to load input data

I0PT Option to select automatic quantization

or input quantized table
3. CONTOUR PLOTTING

In the analysis and interpretation of earth resources data,
a useful tool is means of locating and outlining borders of
ground scene images and also plot the snow pack temperature pro-
files recorded by an electronic scanner. A computer program was
written to generate line plots, which is a line connecting points
of boundaries, specified altitudes, temperatures, etc., provid-
ing a graphical display of contour levels or borders of ground
scene images.

The data array to be plotted consists of the input data
array only. These data points are ordered in an x y coordinate
system. Four adjacent data points and their coordinates are
examined to determine if a specified value intersects any of
these four points. If an intersection occurs, these coordinates
are converted to plotting raster counts, and two points are
flagged. One point being coordinates of the entry point to the
four adjacent data points and the other being the coordinates
of the exit point of the four adjacent data points. If the inter-
section of a specified level continues to the next four successive



adjacent data points, then the coordinates of the exit point
become the coordinates of the entry point of the next four adja-
cent data points. A search continues for the coordinates of

the exit point and this procedure continues until the data set
is exhausted. Lines are drawn connecting the points, reflecting
continuity of the specified level. If the entry and exit point
of successive four adjacent data points exist, then a line con-
necting these points is continuous. Otherwise, there exists a
discontinuity and the points will not be connected. Continuous
lines of multiple levels can be drawn reflecting contours of
altitude, temperatures, and homogeneous area boundaries.

A, Computer Program

The computer program was written as a module to be included
in the ERFDP and was designed to contour data sets of infinite
lengths. However, only 2500 data points reside in the computer
at one time because of the physical storage limits. Since only
one block of data is processed at one time, the program auto-
matically reloads blocks of data and abuts each block to provide
a continuous plot of contours.

In Figure 2 contours of boundaries were plotted of the first
120 scans of field Cl from the Purdue data set. The data were
blocked such that contours of 1776 resolution elements were plotted
which covered eight scans. Each resolution element covered eight
rasters on the plot frame, therefore each block abutted together
occupies 64 rasters. After the abutment process, the boundary
contours appear continuous. The boundaries that were contoured
are shown in Figure 3. The boundary contours are elongated slightly
due to scaling on the plot frame.
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NCH
NSPS
IRW
NCHAN
NSNCRE
NPCRE
NPTSL
NPTSU
NOTLG
ITYPE

MSFC
NSKIP
MAXSCN
NSECT
MSZX
MSZY
BLK
FHINC
ZMIN
ZMAX

B. Data Problem Parameters

Number of channels on input tape
Number of samples in a scan

Logical tape units to load input data
Channel number '

Number of scans to increment

Number of samples to increment

Lower starting point

Upper stopping point

Bit length of input data word

Type data on input tape; Floating point
or fixed point

MSFC scanner format option
Number of records to skip

Total number of scans to process
Number of sections to process
Data block size in x (samples)
Data block size in y (scans)
Plot frame block size in rasters
Contour level increment

Minimum contour level

Maximum contour level

Label interval

4, ISOMETRIC DISPLAYS

On occasion it has become necessary to preview the raw data

and to determine the physical appearance to better understand

the behavior of data collected from various ground scenes and

from different types of sensors. For this purpose an isometric

program was written to produce a two-dimensional projection of

a three-dimensional graph of the raw data amplitude versus the

x and y ground scene coordinates.

11



A. Computer Program

Program Isometric will handle any FORTRAN 1V formatted
tape with up to 12 channels of data. Only one channel is plotted
per computer pass and the channel selection is based upon an in-
put parameter.

The program was developed to produce two-dimensional data
projections of ground cover scenes where data are gathered by
sensors aboard an aircraft. The data collected across the flight
line represent resolution elements, and the data collected along
the flight line represent scans. Any NXM array can be displayed
where N is the position in an array and M is the value to be dis-
played. The program does not require large amounts of core
storage since it performs a continuous operation on the NXM array
which is refilled before each operation.

The Stromberg-Carlson 4020 frame reference coordinates are
altered after each operation for proper scaling based on the input
parameters provided by the user, These parameters also control
the density of the points plotted and the angle of rotation de-
sired for display. Multiple plot frames are generated as neces-
sary to display all the input data. To provide frame abutment
for a continuous plot, the last row of each frame and the last
sample of each row is stored and repeated on the next frame.

B. Data Problem Parameters

NCH Total number of channels per resolution
element on input tape

NSPS Total number of resolution elements per
channel across the ground scene

IRW Logical tape number for input data

NCHAN Number of the channel that isometrics are

to be displayed

NSNCRE Number of scans to increment along the
flight line; This provides an option to
use every scan line, every other scan
line, etc.

12



NPCRE

NPTSL

NPTSU

MAXSON

YMIN

YMAX

NBLSZX

NBLSZY

NSECT

NSMOV

NDIREC

Number of resolution elements to increment
going across the flight line; If every
resolution element is not desired, resolu-
tion elements can be skipped.

Starting resolution element number for
the isometric

Stopping resolution element number for
the isometric

Total number of scans along the flight
to display

The minimum value of the input data used
for calculating scale factors for plotting
the y axis

The maximum value of the input data used
also for calculating scale factors for
plotting the y axis

Stromberg-Carlson 4020 reference frame
coordinate increment in the x direction

Stromberg-Carlson 4020 reference frame
coordinate increment in the y direction in
raster counts (normal range 6 to 12)
NBLSZX and NBLSZY are used to determine
the degree of rotation of the isometric.

Number of passes through the data neces-
sary to display the full-scan width;

If NPTSL and NPTSU only cover a portion
of the data then NSECT can be adjusted
to cover all the data.

Example:

If NPTSL = 1, NPTSU = 128 and NSPS = 256,
then NSECT = 2 will cover resolution
element 1 through 128 and resolution
element 129 through 256.

Number of points in a moving mean span
used in smoothing the input data; Set
to zero if smoothing is not desired.

Direction of the rotation of the iso-
metric; 1 = counterclockwise and
-1 = clockwise rotation.

13



A portion of flight line Cl (Purdue data set) was used
in the following examples. Every resolution element and every
scan was used requiring two passes through the data. NSECT
was set to 2, but only one section is shown here. NBLSZX and
NBLSZY were set to 8 and 12 respectively and both counterclock-
wise and clockwise rotations were used.

Figure 4 shows scan lines 86-129 and resolution elements
1-111 of the total 222 elements of channel 8. NDIREC was set
to -1 to rotate clockwise. Figure 5 shows channel 8 with only
NDIREC changed to +l1 to rotate counterclockwise. Figures 6
and 7 reflect identical isometrics using channel 2 of the same
data.

5. DYNAMIC JOINT PROBABILITY DISTRIBUTION

Extensive data analysis of data on hand has revealed inade-
quacies in the current joint probability distribution program.
The program was restrictive in that a fixed amount of square
storage array allocation was required. This meant that, the
greater the spread of the clusters of the joint probabilities
or individual data pairs, the larger the square storage array
required. This also required a screening of all the data to
determine the ranges of data pairs., After determining the data
ranges, the minimum square storage array required to display
the joint probabilities became NXM, where N is the range between
the minimum and maximum value of the X data in the joint pairs,
and M is the range between the minimum and maximum value of the
Y data in the joint pairs, As this clearly points out, this does
not adapt itself favorably to data that is ill behaved and pos-
sessing widely spread data clusters or widely spread individual
data pairs. Due to the physical limits of the computer storage,
in numerous cases, a considerably amount of data was lost. This
depended largely on the characteristics of the data and since
the primary function of the program was to display the dependent
characteristics of two data channels, this required rerunning
the program and making adjustments to the limits. Therefore,

the program became inadequate.

14
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A new technique has been employed, that adapts itself to
data of any nature, particularly cluster data where the data
clusters are tremendously scattered. The technique requires
only as much storage as actually required by the number of dif-
ferent data pairs and the size of the data storage required is
not dependent on the ranges of the data.

6. JOINT PROBABILITY DENSITY FUNCTION

A joint probability density function program is a necessary
tool in the analysis of earth resources flight data. This pro-
gram gives a preliminary insight to the commonality of occur-
rences observed from two time-series data traces.

For applications to feature extraction, the outputs of this
program give insight to the distinctness of different features
and the location of decision boundaries necessary to separate
different features.

The joint probability distribution is calculated digitally
by selecting a range [a, b] on both sets of data X, Y and divid-
ing the range into K intervals. This gives

C = Eéé = scale factor

To find the X and Y coordinate for each variable X and Y jointly,
an indexing pointer is calculated for each value of X and Y by

(x_-a) (y_-a)
n n

[ d I = —
1 c an g C

An integer one is added to the coordinate p(Ix,Iy) for every value
of X and Y in the interval [a,b]. The coordinate p(Ix’Iy) con-
tains the total number of occurrences.

19



A. Computer Program

Data points are paired (user option), given a class, and
are stored in two single arrays, one for the X coordinates,
NP, and one for the Y coordinates, NP_. The number of data
pairs that are common is accumulated in an array NKNT (i) iden-
tifying the class and the number of occurrences, i, of that class.

The first data pair read from the input tape, will be as-
signed class number 1 automatically. All subsequent data pairs
read from the input tape, will be compared with all the indivi-
dual data pairs that have been assigned a particular class., If
no match is found during the comparison, a new class is created,
using this data pair. There can be up to 4000 different classes
of paired data points stored.

Once all the data pairs are classified, the data pairs are
arranged and sorted such that the Y coordinates or vertical data
are sorted in descending order and the X coordinates or horiz-
ontal data are sorted in ascending order. Data are rearranged
in such a way that the largest spread between the minimum and
maximum is displayed on the vertical axis, which is printed down
the print paper. An example of the three data arrays containing
the joint probability before and after the vertical sort is shown
in Figure 8a and 8b.

B. Core Storage Image

For any data configuration, the core storage image will
appear as in Figure 9a. Projecting this onto an NXM storage
array used in the conventional method, shows the wasted storage
which is used to store blanks (or no occurrences). See Figure 9b.
The conventional data storage method required for this example
is 6 x 7, or 42 core storage locations. The present scheme re-
quires only 21 core storage locations to display the above example.
The advantage, also, is that only 21 core storage locations are
necessary regardless of the scatter of the joint probabilities.
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In Figure 1l0a and 1l0b is an example of the same number of paired
classes, but the data pairs are more widely scattered. In this
example, the conventional data storage required is 14 x 12 or
168 core locations. The present scheme still required only 21
core locations.

C. Output Display

To display the arrays as a joint probability distribution,
the first location in the NP_ array is examined and a decremental
counter is set equal to this value. All the data points in the
NPX array that are paired with this NP _ value, are collected
along with their number of occurrences NKNT(i), and stored in a
working array. This working array is sorted in ascending order
for printing from left to right across the print paper. A print
line is loaded with blank characters and the blank character is
replaced with the number of occurrences in that location, if any
exist. The number of occurrences is designated by an alphanumeric
character of some hierarchy ordered by the user. The print line
is then output to the printer. The next location in the NP
array is examined and the counter is decreased by one. If the
NP value is less than the counter, a print line filled with
blank characters is printed and tagged with the value of the
counter. The counter is then decremented and compared with the
NPy value again., 1If there is a comparison, then the above proce-
dure is repeated., This continues until the NPy array is exhausted.

D. Data Prcblem Parameters

NCH Total number of channels on input tape

NSPS Samples per logical record or scan line

NSCANS Number of logical records or scan lines
to process

NSKIP Initial physical records to skip before
processing

NSTART Starting sample number
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NSTOP Stopping sample number

LTN - Logical tape unit to load input data
NOJP Number of paired joint probabilities
to process
IMX X channel select
- IMY Y channel select
SCALE Used to scale data
BIAS Used to shift data

7. BOUNDARY MAPPING

A concerted effort has been made to improve boundary mapping
techniques and to extend these ideas and techniques in order to
classify different homogeneous areas of ground scene data. This
section briefly describes one of several boundary enhancement
techniques, which were investigated, and contains examples of
test cases and problem parameter inputs.

The technique employed in this computer program, incorporates
a moving rectangle made up of four adjacent resolution elements
moved successively through the data. The configuration, produced
by the magnitude of any four adjacent resolution elements con-
nected by an imaginary path, will be defined as the area, Iso-
metric displays of the ground scene (Figure 11) show differeat
area configurations produced by any four adjacent resolution
elements. The possible area configuration models are shown in
Figure 12. From these configurations, the equations for calculat-
ing the area were derived, based on two cases presented by the
data. Case I is the area produced by four adjacent resolution
elements along the Y and Z plane, and case II is the area pro-
duced by four adjacent resolution elements along the X and Z
plane. The equations that were derived (Al’ By, C1 for case 1
and AZ’ B,, C, for case II) are shown in Figure 13a.

Several equations that gppear here are redundant and are
eliminated by combining similar equations. The composite test
statements that determine which equation to use, are shown in
Figure 13b, and a flow diagram of the decision logic incorporated
in the computer program, is shown as Figure 14.
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CASE 1
%[(xn,vn)"(xn,yn+1)'(Xn+1,Yn)+(xn+1,Yn+1)J
%[(xn,Yn)"(Xn,Yn+l)+(Xn+1,Yn)"(xn+1,vn+])3
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COMPOSITE TEST STATEMENTS
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Figure 13 Area Equations for Four Adjacent Data Samples
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A probability density distribution of the area is calculated
for each channel of data and every scan. An estimate of this
probability density function is obtained digitally by dividing
the range for X into an appropriate number of class intervals,
say d,, and by tabulating the number of occurrences in each of
these intervals. The number of occurrences N, in each interval

k-1
N = z Ny
{=0

where k = number of class intervals and N is the total population.

satisfies the equation

This number sequence {Ni} is found by

N. = Total number of X: X d

1 1
NZ = Total.number of X: d1< X d2

=
w
!

= Total number of.X: d2< X d3

Wz‘. . ®
H

Total number of X: dk-—l< X dk

A plot of the probability distrxibution of channel 3 and
channel 12, both horizontal and vertical, are shown in Figures 15
and 16. These plots reflect the distribution of one scan of data,
in particular, scan number 5. The criterion to determine if a
resolution element reflects a change in a homogeneous population
of ground scene is the mean of the probability distribution of
the area plus its associated 6. All area calculations of four
adjacent resolution elements that fall outside of the mean plus
6 will be flagged as a boundary.
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'The mean area of the probability distribution, P(A), is
calculated by

| | ZP(Ai) Ay
_ g

o] i=1,2,...MAX
Pa EE P(A;)
i
on 6 by
. N 1/2
ZP(AI) A% ,
6 =<1 -( ) X i=1,2...MAX
PGAY »
Z P(Ap)
. i -

In the test cases, all 12 channels were used, except for
two cases where channel 3 and channel 12 were run separately,
and boundary flags set for each channel. The final decision
for determining the boundary, is based on an input parameter
selected by the user. The number of channels indicating a
boundary has to be greater than this value. In Figure 17 only
channel 12 was used. This produced too many boundaries and
the separation of different homogeneous areas was not clearly
defined. 1In Figure 18 only channel 3 was used; this produced
too few boundaries, Figure 19 shows all 12 channels with at
least seven reflecting boundaries (Input Option); this produced
too few boundaries. Figure 20 shows at least three channels of
the 12 reflecting boundaries which produced too many boundaries.
Figure 21 produces the best boundary map which uses at least
four channels of the 12 total.
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A. Data Problem Parameters

NSCANS Number of scans or logical records to process
an input tape

NSTART Starting resolution element in the scan

NSPS The number of resolution elements or columns
to process from each scan { 255)

NCH Number of channels present on input tape

NVAR Number of variables or intervals desired in

calculating the probability distribution;
Maximum of 2000.

NSYM Number of alphanumeric characters to display
boundaries (note: At the present only two
characters are used, blanks and dots, no
boundary or yes boundary respectively),

ISUM Total number of channels used in initial
boundary calculation

NTEST Number of channels (plus one), of ISUM,
necessary for a final boundary decision

NBTLG Number of bits per word on the input tape

MODE Mode of input tape (2=non-FORTRAN, 1=FORTRAN)

NSKIP Number of records to skip before processing
input data

NCRE Data increment

NBLK Number of raster counts per character desired

in displaying boundary on the Stromberg-
Carlson 4020 pletter recorder

INCX Raster counts incrementation in the X direction
- INCY Same as above in the Y direction
NSTX Starting position or frame along the X axis
NSTY Starting position on frame along the Y axis
NWHICH Channel number desired in calculation of
boundary

39



8. CHANNEL ALIGNMENT

In recent months there has been an increasing demand to
process and analyze data collected by array cameras using dif-
ferent filters in the frequency spectrum. In order to analyze
data from this camera source, the camera film is digitized and
the digitizing process is carried out separately for each fil-
tered film. Gross errors are introduced into the data, mainly
missalignment of the film when being digitized by a densitometer.
This missalignment must be compensated for before the digitized
data can be merged and processed. A process was developed to
align the digitized data sets by a matching matrix technique.

Boundaries separating homogeneous areas are calculated from
each data set (see section 7) and the boundaries of each data
set are correlated and matched. One particular technique pro-
posed was the use of NXM data matrix for each data set where one
set is assigned the reference channel and the other sets are
correlated with the reference channel by moving the matching
matrix successively through the selected data area.

The correlation of the reference channel with other channels
is done by matching or correlating a resolution element from the
reference channel with all resolution elements in the matching
matrix of other channels. If there exists a match or correlation
of boundaries, then a cell in the matching matrix display at those
coordinates is incremented. The NXM matching matrix is moved by
one resolution element, and the next resolution element from the
reference channel is matched or correlated with all the resolution
elements in the matching matrix of other channels. If there exists
a match or correlation of boundaries, then a cell in the matching
matrix display at those coordinates is again incremented. This
continues as the matching matrix is moved successively through
the selected data interval.
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An expanding and collapsing technique is employed at the
beginning and end of the data set to eliminate edge effects and
loss of data. As the NXM matching matrix is moved successively
through the data set, the correlation of the two channels, if a
correlation exists, is accumulated at the beginning of the data
set at the matching matrix display coordinates MATRIX (i,j)
going across, where

i =§ - b+l, 3 - b+2,...N; k = 1,2,3...5 ,

and going down where

j=%-bn, 3 - bt2,...M; k 1,2.3...5 .

This coatinues until the entire matching matrix is within the
objective data, thus eliminating the edge effect. Once the match-
ing matrix is within the 6bjective data then 1 = 1,2,3.,.N; and
j=1,2,3...M. Upon termination of the matching matrix at the

end of a data set, a collapsing technique is employed. This tech-
nique is the same as the expanding technique except the accumula-
tion at the end of the data set at the matching matrix display
coordinmates MATRIX (j,i) is i = 1,2,3... N-k, where k = 1,2 3.., %;

and j = 1,2,3... M-k, where k = 1,2.3,.. % .

The matching matrix is then printed for each combination of
correlations. No boundary and boundary correlation of two data
channels (0.1), and boundary and boundary correlation of two data
channels (1,1). Alignment shifts can be performed by locating
the peaks in the NXM matrix where boundaries of two channels are
matched. The matching matrix is shown in the output example.

This peak occurred at coordinates (-5, +4), therefore, thé channel
being correlated with the reference should be shifted -5 data
records and +4 resolution elements to align the two channels.

41



This technique corrects for any horizontal and vertical
alignment satisfactorily, however it does not correct for any
skewness introduced, while the film is being digitized, or any
distortion in the camera array angles. A technique that fully
corrects for this type of missalignment is presently being
developed, but due to inadequate computer turnaround time, re-
sults are not available.

A. Computer Program

A program was written to match and correlate up to three
data channels and as many different intervals of a data set as
desired. This will enable the user to calculate the alignment
in areas of the data set where boundaries are clear and can be
detected. Input to the program is three FORTRAN formatted fixed
point binary tapes containing boundary flags (fixed point integer 1
for boundary and 0 for areas that are homogeneous).

B. Data Problem Parameters

NTIMES Number of sections to correlate

LT9 Logical unit to load input tape number one

LT10 Logical unit to load input tape number two

LT11 Logical unit to load input tape number three

NSTART Starting resolution element

NSTOP Final resolution element _

NSCANS Number of scans in the matching matrix

NSPS Number of resolution elements across the scan
in the matching matrix

NREFX Starting resolution element in the reference
channel; Tape number one.

NREFY Starting scan number in the reference channel;
Tape number one.

NCH1X Starting resolution element in the channel to
be correlated; Tape number two.

NCH1Y Starting scan in the channel to be correlated;

Tape number two.

NCH2X Starting resolution element in the channel to
be correlated; Tape number three.

NCH2Y Starting scan in the channel to be correlated;
Tape number three.
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C. Program Flow Chart
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9. CHANNEL REGISTRATION

Registration of digital images of the digitized film pro-
cessed from a multiple camera array system, has become necessary
due to the rotational, translation and scaling errors introduced
during processing. A course alignment is made by employing the
matching matrix technique but this only corrects for a horizontal
or vertical shift in the digital images for alignment. There
exist errors in the digital images, such as rotation and transla-
tion errors, which have to be corrected by a more effective means.
A technique which will accomplish this is presently being developed
and has been demonstrated. Computer results are not available,
due to contract expiration which prevented finalizing the analysis,
therefore, no illustrations are shown.

The technique requires generating boundary maps of the digital
images and a manual technique is used to correlate similar areas
of the digital images with each other, A good sampling of the
entire scene is made which provides enough input to a set of equa-
tions (equations are presently being derived and improved upon)
to calculate coefficients for each digital image combination.

When used with the x and y coordinates of a reference channel,
position pointers are calculated giving the respective x and y
coordinates of the channels to be aligned. Data points are taken
from these coordinates and placed at the coordinates of the ref-
erence channel. All channels are then output to magnetic tape
becoming merged for further processing.

A program was written to overlay any combination of digital
images containing boundary information (0 and 1) that have been
registered and merged. This overlay program produces a map showing
the location of boundaries and homogeneous areas that are similar.
This program is used in conjunction with the registration process
and evaluating the accuracy of the registration process.

After the digital images are aligned satisfactorily the reg-
istration process can be carried out on the raw data and processed
as desired, or the merged boundary tapes can be processed.
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A. Computer Program

A computer program was written to register multiple digital
images using boundary information or raw data. The program inputs
a reference channel and the x and y coordinates of data points
from the reference channel are input to a subroutine FETCH which
returns through the call statement the x and y coordinates of the
channel to be aligned. Subroutine FETCH contains DATA statements
with coefficients used in the calculations. These DATA statements
can be changed to reflect coefficients of different digital images.

B. Data Problem Parameters

NSPS Number of samples per scan

NCHAN Number of channels on input tape
NSCANS Number of scans to process

NSKIP1 Initial position of tape number one
NSKIP2 Same as above for tape number two
NSKIP3 Same as above for tape number three
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C. Program Flow Chart
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identify
image

call
fetch

position tape to correct image
coordinates #2

£ill
data
buffer

output
butfer / merged
/ data

end

Channel Registration
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fetch

go to NTYPE

?

calculate x, y

coordinates for
image 1

( return '

[

calculate x, y

coordinates for
‘image 2

return ’

end

Channel Registration (Concluded)
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10. SPECTRAL DISCRIMINATION

Capabilities have been developad to discriminate ground
scene features using computer techniques with digitized images.
These capabilities are available at MSFC for analysis and inter-
pretation of earth resources flight data. Computer programs and
algorithms were developed during this contract period, March 22,
1971 to September 22, 1972, under the auspices of the National
Aeronautics and Space Administration, with Mr., Robert Jayroe
COR. The mathematical rationale used in the development of these
computer programs are to be published by Mr. Robert Jayroe in
a NASA report entitled "Unsupervised Spatial Clustering with
Spectral Discrimination."
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ERFDP USERS MANUAL
SECTION II INTRODUCTION

Processing earth resources data is the future will require
a somewhat automatic approach due to the volume of data and the
extent of analysis required to interpret the data. This requires
a complex data processor designed to maintain an automatic data
processing (ADP) environment for the user. The processor is
designed using independent modules with an executive program
driving each module. A block diagram depicting this modular
structure is shown as Figure 22.

This processor uses an overlay technique, which compiles
and communicates with all modules, but only executes modules
selected by the user. The concept of using overlays provides
capabilities for processing input data, through all the program
modules sequentially or only selected modules as desired. Each
module can be improved upon, expanded and modified indepandently
of other modules, and each module can be improved or modified
in a 32K core storage environment irrelevant to the other modules
(see Figure 23),

This conept has the disadvantage of having to utilize an
intermediate storage tape, which necessitates executing read/write
commands, which are certainly time-consuming. However, the ad-
vantages outweigh the disadvantages significantly by providing
versatility in the overall function. To further improve on the
efficiency of the program, the read/write commands use alternate
input/output channels when possible to eliminate, in most cases,
the computer being in a "wait" condition due to either channel "A"
or channel "B'" being busy,

The overlay concept entails having a main program which calls
each individual module as requested by the user. This keeps the
overall processing contained in one large program and each program
module is brought into the computer, compiled, overlay structures
created, and then output onto an overlay tape. All modules are
treated in this fashion regardless of which and how many are to
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be used. Each module to be executed is brought into the computer
in a "transit" area (see Figure 24), and upon completion, another
module, if requested, is brought into the same "transit" area to
be executed. A common area in the computer is used to store in-
formation that may be used by more than one module. Each module
has access to this common area at any time it occupies the
"transit" area.

1. EARTH RESOURCES FLIGHT DATA PROCESSOR

The ERFDP is comprised of seven separate and independent
modules which reside in computer memory only while being executed.
Module seven consists of three lower level modules that are called
into memory to perform their function automatically when module
seven 1s requested by the user. The segmented structure appears
as diagrammed.

.l

Each module can be called into core memory and executed
independently and in any order with the exception of module seven.
Module six has to be executed prior to module seven, since the
boundary mapping output is input to module seven. If module six
has been run previously and a boundary mapping output tape is
available, then module seven can be executed alone.
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A dimensional variable called MODULE is dimensioned 8,
which sets aside eight memory locations to store a users request
for module execution. The number of locations filled depends
upon the number of modules requested to be executed by the user.
The remaining locations contain zeroes and when the processor
encounters a zero while examining the list, it terminates under
system control.

A. Data Problem Parameters Example Setup

SDATA

SINIT &

MODULE = 1,2,4,6,7 User request modules 1,2,4,6,7
to be executed and in that order.

SEND

B. Input Tapes

Unit - Users option under individual modules (A6 recommended)
Type - Reference individual modules

C. Output Tapes

Reference individual modules
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2., MODULE ONE

Module one when called into memory calculates a probability
density function for any number of channels not to exceed 12.
The module provides options to calculate probability density
functions on selected channels also,

A. Data Problem Parameters Example Setup

$INPUTL

NCH = 3 Number of input channels

NSPS = 794 Number of samples per record

NSCANS = 500 Number of scans or records to process

NSTART = 1 Starting sample number

NSTOP = 794 Stopping sample number

NBTLG = 12 Bit length of input data word

MODE = 2 Signifying non-FORTRAN input tape

ITYPE = O Fixed point input; ITYPE = 1 ; Floating
point 36-bit word input

MSFC = O Not MSFC scanner format; MSFC = 1; MSFC
scanner format

LTN = 10 Logical tape unit of input tape

NSKIP = 2 Skip first two data records

NCRE = 1 Data increment to process

XMAX = 1200.0 Maximum value in data set

XMIN = 300.0 Minimum value in data set

NOCHS = 3 Number of channels to calculate probability
density function

NWHICH = 1,2,3 Calculate probability density function on
channels 1,2, and 3

$END

7/8

B. Input Tapes

Unit - Users option under input parameters
Type - Any odd parity binary, 3-bit modulus, fixed point

with word lengths ( 36 bits, or floating point.
C. Output Tapes

None (only print output)
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D. Program Flow Chart
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3. MODULE TWO

Module two outputs on print paper and/or Stromberg-Carlson
4020 recorder, the quantized levels of a data set with alpha-
numeric characters displaying specific quantized levels. Alpha-
numeric characters can be selected and input to the module on a
card included in the input problem parameters to provide different
shading for certain levels. This module displays only one channel
per computer pass, and that one channel is optional and selected
by the user.

A. Data Problem Parameters Example Setup

$INPUT2

NCH = 3 Number of channels on input tape

NSPS = 794 Number of samples per record or scan

NSCANS = 500 Number of scans to process

NSKIP = 2 Number of scans to skip before processing

NSTART = 1 Starting sample number

NSTOP = 120 Stopping sample number

ITERM = 6 Number of passes processing 120 samples
each pass

N =11 Number of levels plus 1

ICHAN = 3 Channel used in mapping

IPRT = 1 Option to print

IPLT = 1 Option to plot

INCX = 0 Increment in x direction for each sample
(rasters)

INCY = 8 - Increment in y direction for each sample
(rasters)

NSTX = 0 Starting x coordinates on plot frame

NSTY = O Starting y coordinates on plot frame

NBTLG = 12 . Bit length of input data words

MODE = 2 Signifies non-FORTRAN

ITYPE = 0O Fixed point input data; ITYPE = 1 ; Input
data floating point 36-bit words

MSFC = 0 Not MSFC scanner format; MSFC = 1; MSFC

scanner format
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NCRE = 1 Data increment

LTN = 10 Logical tape unit of input tape
I0OPT = O Signifies automatic quantization
$END '
SGRYLYL
GLVL = 1., 2., 3., 4., 5., 6., 7., 8., 9., 10., 11.
1., 2., 3., 4., 5., 6., 7., 8., 9., 10., 11.
o

B. Input Tapes

Unit - Users option under input parameters

Type - Any odd parity binary, 3-bit modulus, fixed point
with word length ( 36 bits or floating point.

]

C. Output Tapes

None (only print output)
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D. Program Flow Chart
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2> 00

OUTPUT EXAMPLE
PURDUE FLIGHT LINE C1
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4., MODULE THREE

Module three calculates contour lines throughout an input
data set depicting elevation, altitude, temperature or boundary
contours. The contour lines are output and displayed by the
Stromberg-Carlson 4020 plotter., Frame butting in the module pr
vides for continuous contour plotting for infinite data sets.
The contour lines can be scaled by utilizing the block size
option (BLK) in the input problem parameters.

A. Data Problem Parameters

$INPUT3

NCH = 1 Number of channels

NSPS = 90 Number of samples in a scan (record)

IRW = 11 Logical tape unit for input data

NCHAN = 1 Channel number

NSNCRE =1 ~ Number of scans to increment

NPCRE = 1 Number of samples to increment

NPTSL = 1 Lower starting point

NPTSU = 90 Upper stopping point

NBTLG = 36 Bit length of input data word

MODE = 1 FORTRAN formated (1) or non-FORTRAN (2)

ITYPE = 0 Fixed point input ITYPE = 1,
floating point input ‘

MSFC = 0 MSFC = 1; MSFC scanner format

NSKIP = 0 Number of records to skip

MAXSCN = 100 Total number of scans to process

MSZX = 90 Data block size in x (samples)

MSZY = 8 Data block size in y (scans)

BIK = 8.0 Plot frame block size in rasters

FHINC = 10.0 Labeling increment

ZMIN = 8.0 Minimum label

ZMAX = 138.0 Maximum label

LAB = 1 Label every interval

SEND

7/8
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B. Input Tapes

Units ~ Optional under input data

Type =« Any odd parity binary, 3-bit modulus, fixed point,
with word lengths ¢ 36 bits, or floating point.

C. Output Tapes
SC 4020 Stromberg-Carlson formatted tape

71



D. Program Flow Chart

1 start )

" initilize
arrays

set up
constants
for raster
scaling and
converting

set
margins

position
input
data

calculate
scaling
factors

load data
into
Z array

call
contor
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Contour Level Plotting



adjust
plot frame
margins

no

Z (first)=<-2Z (last)

@«

reload
data
block

no

rewind
tapes

end

Contour Level Plotting
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program
contor

initilize
u and v
arrays

calculate
contour
levels

-

calculate position
pointers for 4
adjacent data points

calculate

- position
pointers
for next
4 adjacent
data peints

contour
level
~ intersect

calculate
slope intersect
and bias

convert data
tox vy
coordinates

Contour Level Plotting
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u(j) and u(j+1) =
entry and exit
coordinates of x

v(j) and v(j+1) =
entry and exit
coordinates of y

Aﬂ\
no

data block
\(

edit
redundant
points

connect
~ points
with lines

contour
next
level

last
level
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OUTPUT EXAMPLE .

RESOLUTION ELEMENT 1-222

SCAN 1-120
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5. MODULE FOUR

Module four displays a two-dimensional plot of three-
dimensional data where only one single array of data is input
and the data samples are ordered in an XY coordinate system,
where Y is the scan line count and X is the resolution element
in the scan. Data sets of infinite length can be displayed on
the SC4020 recorder. The module provides for multiple passes
through the data set in order to view the entire data set in

sections.
A. Data Problem Parameters Example Input
$SINPUT4A
NCH = 12 Number of channels on input data tape
NSPS = 222 Number of resolution elements per scan
NSKIP = O Initial records to skip
NBTLG = 12 Bit léngth of the input data word
MODE = 1 FORTRAN formatted (1) or non-FORTRAN
formatted
IRW = 10 ~ Logical tape unit to load input
NCHAN = 6 Channel selected to be plotted
NSNCRE = 1 Scan incrementation
NPCRE = 1 Resolution element incrementation
ITYPE = 1 Fixed point input (0) or Floating point
input (1) _
MSFC = 0 MSFC scanner format (1) or not MSFC
scanner format
NPTSL = 1 Lower resolution element to start
NPTSU = 111 Upper resclution element to stop
MAXSCN = 120 Scan lines to be processed
XMIN = 0.0 Minimum value for scaling the X axis
XMAX = 222.0 Maximum value for scaling the X axis
YMIN = 0.0 Minimum value for scaling the Y axis
YMAX = 255.0 Maximum value for scaling the Y axis
NBLSZX The distance separating the plotted points

in the X direction
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NBLSZY The distance separating the plotted points
in the Y direction

NSECT = 2 Two passes through the data to plot the
data set in two sections

NSMOV = O No smoothing on input data

NDIREC = 1 Orientation of the isometric left view (-1)
or right view (1)

$SEND

7/8

B. Input Tapes

Unit - Users option under input parameters

Type - Any odd parity binary, 3-bit modulus, fixed point
with word lengths (1.56 bits, or floating point
binary.

C. Output Tapes
Unit - A8 SC4020
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D. Program Flow Chart

‘ start ’

dimension
arrays

input -
data problem
parameters

calculate
orientation

calculate number
of frames to
plot data

position
input
data

calculate
min and
max limits

W

Isometric Program Display
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o

calculate
margins

P

input
data

select
data
channel

smoot

yes

data ?

no

smooth
data

set
plot
margins

scale
data

&)
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Isometric Program Display




convert data
to raster
coordinates

connect
rasters
with line

yes

form lines
of
continuity

no

ot

store current
line in
previous

line

increment
margins

last

frame

yes

Isometric Program Display
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re-wind
tape

yes more
data

no

Isometric Program Display
(concluded)
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£8

_OUTPUT EXAMPLE __

FLIGHT LINE €1 '
SCANS 1-43 ¢
RESOLUTION ELEMENTS 1-111
ROTATED CLOCKWISE
CHANNEL 8 0.58-0.62 (MICRONS)

SCAN
DIRECTION
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SCAN
DIRECTION

- OUTPUT EXAMPLE
FLIGHT LINE C) ‘
SCANS 1-43
RESOLUTION ELEMENT 1-1T1
ROTATED COUNTER-CLOCKWISE
CHANNEL 8 0.58-0.62 (MICRONS)
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6. MODULE FIVE

Module five calculates a joint probability density function
from two time-series data traces selected by the user in the
data problem parameters. The program provides for multiple passes
through the data set for multiple joint probability density fune-
tions. The raised data points are classified and stored in one
single array along with its associated occurrences of like data
pairs. The joint pairs are sorted vertically in descending order
and horizontally for each print line in ascending order.

A. Data Problem Parameters Example Setup

$INPUT5

NCH = 12 Total number of channels on input tape

NSPS = 222 Samples per logical record or scan line

NSCANS = 920 Number of logical records or scan lines

7 to process

NSKIP = 0 Initial physical records to skip before
processing

NSTART = 2 Starting sample number

NSTOP = 222 Stopping sample number

LTN = 10 Logical FORTRAN IV tape unit

NoJp = 2 Number of paired joint probabilities to
process

IMX = 4,3 Use channel 4 and 3 in X

IMY = 6,7 Use channel 6 and 7 in Y

SCALE = 1.0 Used to scale 1

BIAS = ( Used to shift data

SEND

@ @. ),/* ABC... (Alphanumeric characters)

7/8
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B. Ihput Tapes
Unit - A6 (optional)

Type - Any odd parity binary
with word lengths 36
binary.

3-bit modulus, fixed point
bits, or floating point

C. Output Tapes

(none print output only)
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© D. Program Flow Chart

‘ start )

dimensien
arrays

set up
initialization
constants

input (
problem problem
arameter _ parameters

set up

loop for
no of joint
distributions

position
input
tape

select
Joint pairs

write

page
titles

printer.
output

set up
toop for
number of
scans

Dynamic Joint Probability
Distribution
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® -
set up
loop for

no of samples
per scan

read ;7

input data

data mput
® T

scale
data to

> 1

set up
data pair
(x,y) in
class (n)

yes
n=n+]
2 . i ‘1
Dynamic Joint Probability
Distribution
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no

o)

no

¢

test for
spread in
x and y
direction

order row
data in
descending

order

. loop for

set up

printing

-

sort paired
classes in
ascending
order on
print line
with spaces

output //

storage

sorted
pairs /
3;

89

tape

Dynamic Joint Probability
Distribution .



no

data

storage
g tape

tape

end

Dynamic Joint Probability
’ Distribution (concluded)
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7. MODULE SIX

Module six calculates boundaries outlining edges of homo-
geneous areas of ground scene data. These boundaries are dis-
played on print paper where a selected alphanumeric character
signifies a boundary and blanks signify areas of homogeneity.
This output is also displayed on the SC4020 plotter where bounda-
ries are flagged by an alphanumeric ''period." The boundary out-
put is used in further processing to extract information for
feature discrimination.

A. Data Problem Parameters Example Setup

$INPUT6

NSCANS = 120 Process 120 scans of the data set

NSTART = 1 Starting sample number

NSPS = 222 Number of samples to process; ( { 255)

NCH = 12 Number of channels on input tape

NSYM = 49 Dimension of the Alphanumeric array

ISUM = 5 Number of channels used in calculating
boundaries

NBTLG = 12 Bit length of input data word

MODE = 1 FORTRAN formatted (1), non-FORTRAN
formatted = 2

ITYPE = O Input data fixed point. Floating point
binary = 1

MSFC = 0O Not MSFC scanner format MSFC scanner
format = 1

NSKIP = 0 Skip no records before processing

INCX = 0 Incrementation in the X direction on the
plot frame between resolution elements -
for each scan

INCY = 4 Incrementation in the Y direction on the
plot frame between resolution elements
for each scan

NSTX = 0 Starting X coordinates on the plot frame

NSTY = O Starting Y coordinates on the plot frame

NCRE = 2 Data incrementation; Use every other data

sample for boundary calculations
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SEND

$NCHUSE

NWHICH = 1,3,4,8,12 Channel selection for calculating
boundaries

$END

@ B @ *(- =, $+ABC ....Z12 ...90-

7/8

B. Input Tapes

Unit - Any odd parity binary, 3-bit modulus, fixed point
with word lengths ( 36 bits, or floating point
binary.

C. Output Tapes
Unit - B6

Type - Fixed point binary l's and 0's FORTRAN formatted
255 words or less plus 1 FORTRAN index per logical
record,
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START

INITIALIZE
ARRAYS

|

INPUT
CARDS

POSITION
INPUT TAPE

]

SET UP
INPUT
LooP

1=

YES

<

1

D. Program Flow Chart

PROBLEM PARAMETERS
/

IT > NSCAN >z 160

NO
11=11+1]

- INITIALIZE
P{A)=0

I1 # 2

NO

INPUT
X n=1,NSPS
n,

>
A:
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INPUT
DATA
TAPE

SET UP

LOOP QVER

DESIRED

CHANNELS

TICHAN=1, ISUM

ICHAN YES
o

NO

SELECT
CHANNEL
FROM ICHAN
POSITION

SET UP
LOOP
OVER
NSPS

ENTER
AREA
DECISION

LOGIC

]

CALCULATE
|AREA,, ||

I B l Boundary Mapping
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| Ps(A)=MIN NO TEST NO Pi(A)=MAX |

MINsAH’VsMAX l

]
Pi(A)H+]

Pi(A)v+1

r

STCRE A{JJ)
(INTERGIZED)
NN(JJ )=A(JJ)

380 P

.CALCULATE
RA&o
|

SET Up
LOOP
OVER NSPS

©

YES

440

FLAG YES BOUNDARY

| FLAG NO BOUNDARY l YES

NO | * Ato

®‘— @Jﬂ\lﬂ

Boundary Mapping
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CLEAR
DISTRIBUTION i<t 440
TABLE

210

510

SET LP |

DISPLAY

SYMBOLS
|

OUTPUT Z/

BOUNDARY SCRATCH
OR

SAVE

INITIALIZE
ARRAYS

FINISH

OUTPUT //
BOUNDARY
TO

REWIND
ALL
TAPES

END
Boundary Mapping (concluded)
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OUTPUT EXAMPLE '
SCAN 1-120 RESOLUTION ELEMENT 1-222

2D CWw
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8. MODULE SEVEN

Module seven consists of three submodules called into core
memory sequentially to classify land use data. These modules
perform spatial clustering, sequential merging, and spectral dis-
crimination of ground scene images. The module provides an op-
tion to select multiple passes to further classify small insigni-
ficant homogeneous areas that may be overlooked or misclassified
during the first pass.

The input to module seven is the boundary mapped information
(see Boundary Mapping) and the raw spectral digitized images.
The spatial clustering submodule searches areas on the boundary
map tape that contain homogeneocus areas consisting of at least
100 square resolution elements as a threshold. When this search
is satisfied, this homogeneous area is identified with a number
which is incremented for each separate homogeneous area. A new
tape is created containing these identified clusters. The sequen-
tial merging submodule searches the tape containing the identified
clusters and selects the raw spectral data associated with each
cluster. Criterion parameters are calculated and the merging
process takes place merging all similar clusters.

The spectral discrimination submodule, classifies the merged
clusters starting with an initial class of one, with unit incre-
mentation for each new class detected. The raw spectral data
criterion parameters, for each resolution element are compared
with all classification criterion parameters. If a comparison
exists, then the resolution element becomes classified. If there
is no comparison, the resolution element is assigned a blank or
a boundary flag, (if the resolution element reflects a boundary) .

If the ground scene is not classified satisfactorily, another
pass can be performed reducing the homogeneous square area thres-
hold to 36 resolution elements. This will enable smaller homo-
geneous areas, that were not detected by the 100-square resolution
element threshold to be detected and an attempt will be made to
classify these areas also.
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In the output example of module seven, Figure 25 shows the

initial clustering of homogeneous areas that contain at least

160 square resolution elements. Figure 26 shows the results of

the sequential merging and the classifying process. 1In Figure 26

there exist areas that were not classified therefore an additional

pass was necessary to improve the classified areas. Figure 27

shows small homogeneous areas clustered using the 36-square reso-
lution element threshold., These areas are clusters 0, P, and Q.
Figure 28 shows the areas 0, P, and Q, have been merged and classi-
fied which improves the classified images.

A. Data Problem Parameters Input Example

SINPUT7
NPASS = 2

NCLUST = 0O
$SEND

SINPUTA
NSPS = 222

NSCANS = 120

NCH = 12
LTl = 1
LT9 = 9
LT10 = 10
LT11 = 11
LT12 = 12
LT13 = 13
NSTART = 1
NSTOP = 140
NBTIG = 12
MODE = 1

Perform two passes through the clustering,
merging and classifying process

Initial cluster number. Additional passes
can be performed on reruns, by inputing
the total number of classes already detected,

Number of resolution elements in entire
scan or logical record

Number of scans to process
Total number of channels on input tape
Logical tape unit for scratch tape

Logical tape unit for storage of update
information

Logical tape unit for raw data input
Logical tape unit for boundary map

Logical tape unit for clustered homo-
geneous areas

Logical tape unit containing the final
classified map

Starting sample number

Stopping sample number; Process only
sample number 1-140 (NSTOP-NSTART + 1 { 255)

Bit length of word on input raw data tape

Input data FORTRAN formatted .
MODE = 2 non-FORTRAN formatted
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ITYPE = 0 Input tape binary integer ITYPE = 1,
floating point format

MSFC = 0 Non-MSFC scanner format; MSFC scanner
has housekeeping data requiring special
handling.

Set MSFC = 1 if MSFC scanner data

14 = 1 Number of physical records per logical
record

NCRE = 1 Data increment; NCRE = 1 use every data
sample

NSKIP = O Initial records to skip before processing

INCX = 0 Increment in X direction on SC4020 plot
frame for each sample

INCY = 8 Increment in Y direction on SC4020 plot
frame for each sample

NSTX = O Starting X coordinate on the SC4020 plot
frame

NSTY = 0 Starting Y coordinate on the SC4020 plot
frame

IXXX = 10 Homogeneous area threshold samples in X

IYYY = 10 Homogeneous area threshold samples in Y
direction

@D @ 1234567890ABC ..

.. (Alphanumeric characters for displaying

classified homogeneous areas)

Unit - A6 and B6

A6 is any odd parity binary

B. Input Tapes

3-bit modulus, fixed

point with word lengths 36 bits, or floating
point binary.

B6 is integer binary FORTRAN formatted.

C. Output Tapes -

Units - B5 FORTRAN floating point binary
(update information)

A7 FORTRAN fixed point binary (Cluster data)
B7 FORTRAN fixed point binary

D, Intermediate Tapes

Units - A3, Scratch tape only
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E. Program Flow Chart
l start )

setup
label
common

input
data problem
parameters

initialize
class
counter

set
initial
cluster

'

call
-clust
call
SEQMRG

call
class

I 1 l Spectral Discrimination
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adjust
cluster
number

no

110

Spectral Discrimination



clust

setup
labeled
common

position
tapes

set flags

initialize
arrays

B6 boundary

load
working
block

-

map

search
for
homogeneous
areas

no

/fi;l>
\‘ o

assign
cluster
number

:1
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reload
working
block

spatial merg

yes

more

data

no

rewind 7 B6
tape

A3
/ A7

relabel
cluster
table

assign new

cluster ¢ intermediate

scratch
numbers

output /
5C4020

display /

-print
map

( return ’

Spectral Discrimination
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SEQMRG

set up
labeled
comrmon

position Z
tapes

/

setup
merg table

set up
loop for
clusters
ICLUST=1

'

call
- FETCOR

calculate
covariance

print
covarianc

print

matrix

113
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calculate
eigen valves
and vectors

MERG
converg no (ICLUST)
=0
ves
calculate
rotation
matrix

store class
number in
merg table

assign
‘population

merge
current
cluster

cluster
merge

S

Spectral Discrimination
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ICLUST +1

yes

update

pParameters @

assign
class to
cluster

class +1

more

clusters 7

output /
update

storage

o

infor-
ation

output [
- print
working
matrices/ ’ifcr/\
rewind / A7
tapes Ab

/ B5
| refurn )

Spectral Discrimination
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subroutine

FETCOR

set up
labeled common

initialize
arrays

cluster
counter
NCNT =1

:?E:tter A7 clustered
NCNT data
input raw
data for raw
luster Ab data
\NCNT

__calculate
X, E% and
population

flag position
cluster number
NCNT + 1

[ 1 ] Spectral Discrimination
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position
tapes to
NCNT + 1

NCNT =
NCNT +1

{ return '

Spectral Discrimination
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class

0

sef up
labeled

common

A3

position / B5
tapes Ab
_[ A7

B7

/

input up date
data B parameters

boundary
1313;“ A information
ata

o I

OO0

—

input raw
data—/ A data

calculate
threshold

rotate
data sample

l 1 ] Spectral Discrimination

118




reshol no
compare
? /
yes
assign as
classify unclassified
or
" data 1 boundary
sampe point
|
no
A3 classified
scratc data
no
i A3
rewind / e

tape i/ PO

&

Spectral Discrimination
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no final

pass

yes

input
data

A3 classified

—

edit
classified
samples

output /
data

scratc samples

/

il

output 7
data

output
datz

-

final
classified
‘ : data
classified
map
A8 classified

e

/

return

0
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$DATA PROBLEM INPUT
$IBFTC MOD 7B 4 i
$ORIGIN B(MODULE 7B) |
=2
- VAR -

$IBFTC MOD 7A _ Do

$ORIGIN B(MODULE 7A) A /
I
-
$IBFTC MOD 7 :
‘$ORIGIN A(MODULE 7) _J/
‘ i= 3 6 _j
$IBFTC MODi ,
$ORIGIN A(MODULE;) /
$IBFTC MOD2 |
$ORIGIN A(MODULE 2) /
$IBFTC MODI1 _|
$ORIGIN A(MODULE 1) _
$IBJOB FIOCS, MAP _/
EXECUTE IBRJOB ]

Figure 29 1IBM 7094 Job Deck Setup
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T 7094-___  INSTRUCTIONS

NAME:

John Dee 0P cost: /7 |stack™

Bm#gra Loc: 466'5 JOB:#/2345‘6

tF EXCEEDS MAX: FAST TAPES . ABCD

OSTR DSTZ 0 DMP ORETSY NPUT TAPES o
LOGIC | REEL No | DEN | LO6IC

WiRSYs  |Or€gmMpL /assMBL
f1SPOOK  |BEXECUTE F 6565651 & Eé
DOTHER  |CIPUNCH{BCD BIN) 0~
da{f'rnu OMar
I2FTAN  |DFAP - 187
DAPT OSCAT
OpERT DOTHER 43

LINES OF OUTPUT (I000S)[MAXIMUM TINE:
o

©0:5 drS-i5 C15-30 DOVERIHOURS =2 _ wmuTes
PROGRAMMER COMMENTS: NUMBER OF CASES

Comment . Comment
OVER:

O SEE ON-LINE
O SEE TECHNIQUES
0O MAX EXCEEDED

OPERATOR COMMERNTS! 3 RETURN TO §YS
O3 LINE MAX
OPER INIT.
OVER;
OUTPUT TAPES ONLY 4020
REEL NO. LOGIC DEN.{ UNIT [NO OF CPYS] SAVE | TAFE
B-1 8
Bo |8 v
g5 |8 v
87 |8 v
AS |S v

WOFILES [NO FRAMES copies | pensiTy| €opv-Fio H{¥ALVAR
PJ1F

iﬁpl—‘se

MSFC - Form 533 (Rev February 1966)

V ettt it

R |

Figure 30 1IBM 7094 Instruction Form 533
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EREERERRINXEX] B M 7004 PROGRAM LISTING WITH JOB CARDSHEREIREENEXAR

$J0B NASA JAYROF BIN 53 +434300,00512s14MCE

SEXECUTE 18J08B

$18J0OR F10CS+MAP
$FILF -UNITO03-sNONE
SFILF ~UNT1T04-4NONF
SFILFE ~UNTTO?-sNONF
$FILF ~UN1TO8-sNONE
$FILFE ~UNIT14~sNONE
$FILE -UN1T15-sNONE

SIRFTC ERFNP
DIMENSION MODULFE (R}
COMMON DATA(12)
NAMELIST/INIT/MODULF
NO 1 T=1.8
1 MONDULE(1)=0
I=0
READ(SsTNITY
WRITEI(&»INIT)
9g8 CONTINUE
T=T+1
160=MODULF{T}
IF IGO0 L LF, 0y 0O TO 999
GO TO (10311412213 4144154161516G0
10 CONTINUE
cALlL PROB
GO TO 9g9g
11 CONTINUE
CALL GULEVEL
GO TO 998
1?2 CONT INUF
CALL JONTPR
GO TO 998
13 CONTINUF
- CALL ISOMET
GO TO 99¢8
14 CONTINUF
CALL CNTLIN
GO TO 99
15 CONTINUF
CALL BWNDR2
GO TO 998
16 CONTINUE
CALL CLASFY
GO TO 9on
099 CONTINUE
CALL CLFAN
STOP
END

$SORIGIN ALPHA »S5YSUT?2 +REW
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$IBFTC MODI
SURRQUTINF PROR
COMMON PHATAL12)
COMMON/C1/ GLVLIET1512)sNWHICH(12)
DIMENSION NTABLF(2015121sDATAR(201)
NAMELIST/INPUT1/NCHyNSPSsNSCANSSNSTART sNSTOP,NRTLGsMONF,
11TYPEsMSFCsLTNSNSKIP,
INCRE s XMAX s XMI N NOCHS s NWHT CH
RFEAD(S INPUTT)
WRITFI(6sTINPUTT)
(o CALCULATE PROBILTTY DISTRIBUTION TABLE
RFSOL=(XMAX~XMIN)y/200,0
SCALE=200,0/7(XMAX-XMIN}
c INITILIZF ARRAYS
DO 6 IB=14+17
DO 6 IRR=1+201
NTARLF{IRBRsIR})=0
6 CONTINUFE
DATAR(1)=XMIN
DO 1 1=24201
DATAR(I)=DATAR{I=1)+RESOL
1 CONTINUE
NFLAG=0
DO 4 1C=1sNSCANS
NFLAG?=1 :
PO 2?2 1=NSTART+NSTOP,NCRF
CALL GETI(DATAWNSPSsOsNCHINSCANOSLTN, TFRR4NFLAGZsNFLAGNSTART,
INATLG sMONEsNCRF» 1 TYPF sMSFC)
GO TO (10+9995104104999)+1FRR
10 CONT I NUF
DO 3 1A=1sNOCHS
NCHAN=NWHICH({ TA)
JI=DATA(NCHANY¥SCALF+1.0
1F (JJ LT, 1) GO 70O 3
IF tJJ 6GTe 201 GO TO 2
NTARLE{JJsNCHAN)=NTARLF (JJsNCHANY +1
CONTINUE
CONTINUF
CONTINUE
99 CONTINUE
REWIND LTN
WRITF(6,1000)
1000 FORMAT({1H1+50X,26HPRORARILITY DISTRIBUTION )
1001 FORMAT(1HOs130H AMPLITUDE CH 1 CH 2 CH 3 CH &
1 CH 5 CH 6 CH 7 CH 8 CH 9 CH 10 CH
21 CH 12 )
WRITE(6+1001)
1002 FORMAT{1H #F9,14+12110})
DO 5 I=1,2M _
WRITF(6+1002) NATARCITY o INTARLF{TsJdysJI=1oeNrHy
5 CONTITNUF
CALL PRODFEN(NTABLF sSCALFsGLVL s XMAX s XMIN)
20 RFWIND LTN
RETURN
END

O BN W

125



$1RFTC PRORZ
SURROUTINE PRONEN (NTARLFsSrALE ¢nLVL s XMAX 3 XMIN )
DIMENSION NTARLE(201912)sGLVL(11512)
00O 2 IM=1s912
NTOTAL=0D
MAX =201
DO 1 I=1,MAX
NTOTAL=NTOTAL+NTABLF{1,+1M)
1 CONTINUF
NTEMP=0
GLVL{1+IM)=0,0
NCcT=NTOTAL/10 -
11=2
DO 2 1=2,MAX
1J=1=1
NTFMP=NTFMP4+ (NTARLF (1Js TM)+NTARBLF(T,IM} 1 /2
IF (NTEMP LT, NCT)y GO TO 2
NTEMP=NTFMP-NCT
GLVLITI1sIMI=FLOATIT1J}/SCALF+XMIN—-,5
11=11+1
2 CONTINUE
GLVL(11sTM)=XMAX
3 CONTINUE
DO 20 M=1,11
WRITE(5+1000) (GLVL{MsMM} sMM=1,12)
20 CONTINUE
1000 FORMAT{1Xs12F6&,.1)
RETURN
END

$IRFTC MOD?
. SURROUTINE GLEVEL

C
C 7094 DFECK = MULTISPECTRAL SCANNFR PLOT
¢ :

DIMENSION TALPHA(20}

DIMENSION TARAY (254}

DIMENSION ITWAVFI(13)

BIMENSION NUMI20)+PERCENI20D)

DIMENSION XLIM({12)

COMMON DATA(1?)

COMMON/c1/7 GLVLI114712YsNWHICHI1?)

NAMELTIST/INPUT2/Ne o NSPSsNS-aNS NSKTP, NSTART-NSTOP,ITFRM N TCHAN,
1IPRT s IPLT s INCX»INCY4NSTXINSTYsNBTLGsMODEWNCRE,LTN,JOPT
NAMELIST/GRYLVL/GLVL

IN=5

IN1=10

10UT=6

NFLAG=0
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NFLGPT=0

REWIND IN1

CALL CAMRAV(35)

CALL BUTTVI(1)

READ(Ss INPUT Y

WRITF {6 INPUT?)

00 103 I=1.N

XLTMI{TI=GLVL(T+ICHAN)
403 CONTINUE

READ (INsGRYLVL)

tF (10PT .FQ, Oy GO TO 302

DO 301 I=1eN

XLIMUTI1=GLVL{T+TCHAN}
301 CONTINUE ’

302 CONTINUE
C e Y T2

C 266K 3 I NN KX

READ(INS102)
READ {IN+99) (1ALPHA(TI)s1=1sN )sLLP
READIIN109) XLOWsXUPP» (TWAVEIT)s1=1+12)
WRITFLIOUTs110)Y ’
1003 FORMAT{1Xs12464+16+5Xs2F8,4
200 CONTINUFE
PO 777 1=1sN
NUM(TY=0
T CONTINUE
KK=N-~1
WRITFLIOUT +105)
WRITELIOUT»110)
WRITELIOUT»102)
WRITF{IOUT.106)
WRITF(IOUT+103) TCHAN
no 2 I=1+KK
1F{1,FQ.11 GO TO 9
WRITF (641053 TALPHA(TI)I+XLIM{T)sXLIM{I+1)
GO TO 2
9 WRITFUIOUTs112) (1WAVF{K)sK=1» 121 s TALPHA(T } o XLTIMIT o XLIMIT+1)
-60 TO 2
P4 CONTINUE
WRTITFLIOUT+1086)
CALL LARFLI(NSTARTsNSTOPsNCRE)

tNUM  CcOUNTS SCAN LINES

(aEuXal

INOM=0
IDTF=NSTOP-NSTART+1
1F (NSKIP ,EQ, 0} GO TO 80¢
NO ROK T=1sNSKIP
NFLAG?=1
CALL GFT1(DATASNSPSs04sNCHsNSCANOSLTN, TFRRGNFLAG2 2 NFLAGNSTART,
INRTLGsMODEsNCRF s 1TYPESMSFC)
BOs CONTINUE
806 CONTINUF
NFLAG1=0
£  CONTINUE
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1IN=0D
" NFLAG?=1 -
205 0O 90 11=NSTARTSNSTOP
TIN=11N+1
CALL GET1(DATAWNSPS, DsNCHeNSCANO, IN1 2 TERRsNFLAG2 4NFLAGsNSTART,
INBTLGsMODEsNCRF s I TYPF «MSFC)
GO TO(800s801,R00,8N0,801),1FRR
801 WRITF{IOUT+100) NSrCaNO
GO TQ 90o
800 CONTINUF
DO 601 1=2sN
IF (DATA(ICHAN) .GT, XLIM(I1)) GO TO 601
NUMET=1)=NUM{TI~=1)+1
TARAY{TIN)=TALPHA(1-1)
GO TO 90
601 CONTINUF
90 CONTINUF
NUMTOT={NUM*IDIF
TOTNUM=NUMTOT
TOTPFR=0,0
DO 8RB I=1s11
XXXNUM=NUM( 1)
PEReEN(T )= XXXNUM/TOTNUM) # 100,0
TOTPFR=TOTPFR+PFRCENI(T)
88R CONTINUF '
96 CONTINUF
TNUM=1RUM+1
1F (IPRT .FQ, 0) GO TO 889
WRITF{I0UT+104) NSCANOS({TARAY(K)sK=15IDIF)sLLP
889 COMTINUF
1F (IPLT .FQ. 0) GO TO 890
CALL PLTRFI(IARAYsINIFsNRLK,INCXs INCYsNSTXsNSTY SNCRE,
INFLGPTsNFLAGY) '
890 CONTINUE
1F (NSCANO .GF. NSCANS) GO TO 218
G0 TO &
218 CONTINUE
- NFLAG1=0
NFLGPT=0D
NSCANO=0
NSTART=NSTOP+1
NSTOP=NSTOP+IDIF
1F (NSTOP ,GF, NSPS) NSTOP=NSPS
ITERM=1TERM=-1
REWIND IN1
WRITE (I10UT,110)
WRITF {(10UT»114)
NO 666 =111
WRITF (I0UT+115) TyNUM(TYsPFRCENIT)»TALPRALT)Y
666 CONT INUF
WRITF (fOUT+116) NUMTOY,TOTPER
IF(ITERM,G6T.0) GO TO 300
98 WRITF(IOUT,110)
99 FORMATI(?5A1)
100 FORMAT(18614)
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101 FORMAT(17F6.1}
102 FORMATI(ROH - -
1 )
103 FORMAT(2XsBHCHANNEL 12:36Xs22HSYMBOL INTERVAL /)
104 FORMATI(SX »14+1Xs1H¥4120A19A1)
105 FORMAT{(50XsA13BXsF6,133H = sFbe1)
106 FORMAT(1X/)
108 FORMAT{10Xs115A1)
109 FORMAT(2¢10,0+12A1)
110 FORMATI(IH1 /)
111 FORMATI(2X +B83HCROPS £5-17+5-22+5-545-8» ALTITUDE
1 DATE RFCORNFD 6730766 //)
112 FORMATI2Xs23HWAVE LFNGTH {MICRONS) +12A1+13XsA1+8XsF6,1,
13H = +F&.1) .
113 FORMAT{11Xs112A1)
114 FORMAT(20Xs5SHCLASS+7X s 13HSAMPLE NUMRFR6Xs THPERCENT » 10X s
112HALPHA SYMROL /)Y _
115 FORMAT (21Xs12s10Xs16512XeFT7,2915XsA1)
116 FORMAT (20X sSHTOTALs BXs1612XsF742)
117 FORMAT (314312F7.3)
999 CONTINUE
REWIND 1N1
RETURN
END

SIRFTC PLOTT)
SURROUTINF LABFL1{NSTART+NSTOP,INCRE }
DIMENSION TOUT(1204,JOUT(1201sKOUT(120)+L0UT(120)
NDI1F={NSTOP-NSTART+1)/INCRE
11=0
N0 1 1=NSTARTsNSTOP,INCRE
T11=11+41
10UT(11)=1/1000
JOUT(I1)=1/100~1/1000%10
KOUT(I11=1/10-1/100%10
LOUT(II)=1-1/10%10D
IF (LOUTI(I1) JLE. O ) LOUT(II)=0

1 CONTINUF
WRTITFE (6+10) (TOUT(T11s1=1sNNTF)
WRITF {6510). LJOUT(TI}sI=1sNDIF)
WRITE {6210y (KCUT{T)sI=1sNRIF)
WRITFE (610 (LOUTIT)sl=1sNDIF)
10  FORMAT (11X»12011)

RETURN
END

$IRFTC PLLTTY
SURROUTINE PLTRFICTISYMJNNSNSQR, INCX s INCY s NSTXsNSTY4NCRF,
INFLAGSNFLAG!)
DIMENSION ISYM(1)sNRUFER(50)
IF (NFLAG .NF, 0) 6O TO 10
NSQR=1024/7TABS{INCY+INCX)
10 CONT INUE
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1F (NFLAG1 LNF, O0) GO TO 20
CALL FRAMfEVID)
NCOUNT=0
INCRX=NSTX
INCRY=NSTY
NFLAG1=1
IF (NFLAG .EQe. 0) GO TO 11
CALL APRNTV (INCXsINCYsNNsNBUFERs INCRXs INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+TARS(INCY)
11 NFLAG=1
20 CONTINUF
NCOUNT=NCOUNT+1
DO 1 [=1.50
NBUFER(13)=0
1 CONTINUE
tA=0
DO 2 I=1+NN
1R=TA+6
IC=1R8/6
1D=1B-1C*g
1E=IN¥g
T1A=1A+]
CALL FLDINBUFFR{IC)»IFsbs DsISYMITY)
2 CONTINUE )
CALL APRNTV{INCXsINCY sNNyNRUFERSINCRX s INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+TARS(INCY)
IF (NCOUNT .GE, NSQR) NFLAG1=0O
RETURN
END

$IRFTC GFTNAL

SURROUTINE GET1(DATAINSPSsNSKIPsNCPWyNSCAND, IRWs TERR,NFLAGZ,
INFLAGS
INSTARTSNRTLGsMODE sNCRE» ITYPE sMSFC }
DIMENSION DATA(1}sNDATIB90)

DATA NFLAG/O/

1F (NFLAG JNF, 0 ) GO TO 12
NTEMP=NCPW¥* {NCRE=1)

NSCANO=0

NL=36-NRTLG

NBLNG=36/NBTLG

NFLAG=1
NSTMP=(NSPS+NSTART—-1)*NCPW+MSFC*19
NSCANS=NSTMP

NTMP=NSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG

1F {NSTMP LT, NSCANS) NTMP=NTMP+1
NSCANS=NTMP

IF (NSKIP LEQ, 0) GO TO 40?2

DO 401 1=1sNSKIP

NSCANO=NSCANO+1

CALL SKRBIN (IRWs1sRD 1}
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401 CONTINUF
402 CONTINUE
12 CONTINUE
IF (NFLAGZ .FQ, 0) GO TO 10
13 CONT INUE
Mz {NSTART=1)*¥NCPW+M5FC*19
1F (MODE LFQ, 1)y GO 7O 50 _
CALL RFNRTPR {TRW+MONRFsIFRRsNWsNSCANSsNDAT)
GO TO s .
50 CALL RENTPC (IRWsMONEsIFRRsNWsNSCANSsNDAT)
51 CONTINUE
1000 FORMAT (1Xs18)
NNW=NW#*g
NFLAG2=0
NSCANO=NSCANGC+Y
10 CONTINUE
DO 14 NN=1sNCPW
IB=M+NBL NG
1D=1R/NBLNG
1F=1R~NBLNG*ID
IBIT=NBTLG¥*IF
M=M+1
IF LITYPF LEQ, 1) GO 7O 15
NDATA=0
CALL FLD{NDATASNLSNBTLG+IBIT»NDAT(ID})
DATA(NNY=NDATA
GO TO 14
15 CONTINUE
DATAN=zQL.O
CALL FLDU(DATANSNL+NRTLGSIRIT+NDATI(IDY)
DATAINN)Y=DATAN
14 CONTINUE
M=M+NTEMP
RETURN
END

SORIGIN ALPHAsSYSUT2 sRFW
$SIBFTC MOD3
SURROUTINE JONTPB
DIMENSTON NKNT(4000)sNP{4000,21+NWKED{ 7501 o NWKCLE 750
_ DIMENSION DATA{1?)
c DIMENSION IRIN{ 750)
DIMENSION ALPNUM{I47T)+ALPHA[120)sCORDX(3)
DIMENSION IMX(§5)sIMY(5)
NAMFELIST ZINPUT3/ NrHsNSPSNSCANSsNSKIPsNSTART4NSTOP,LTN,NBTLG,
1MODE s ITYPEWMSFCsNCRESNOJP 5 IMX s IMY s SCALESBIAS
DATA ASTRIK/1H*/
DATA XMARK Z1HX/
DATA BLANK/6H /
1060 FORMATI(4BX s25HDATA SWITCH HAS OCCURRED ).
1061 FORMAT(49X»30HJOINT PROBARILITY DISTRIBUTION
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1062 FORMAT{1H1}
1063 FORMATI(44Xs11H X=AXTIS IS sI16+6Xs11lH Y=AXIS IS »16)
1040 FORMAT{1H »67H MAXIMUM PROBABILITY OF UNCOMMONALITY EXCEEDED- CON%
1INUE EXCUTION ' 16)
1064 FORMAT(1X»26HSYMBOL N/SYMBOL }
1065 FORMAT(11Xs121(1H*14/s11Xs1H*355XsSHPART 511544 OF s11,53Xs1H¥%,/
1411X912101H*))
IRT=11
NFLG3=0
LIMIT=4000
READ(Bs INPUT3)
WRITE(6s INPUT2}
RFADIS1000) (ALPNUMIT)YsTI=1+47)
1000 FORMAT(1X»s47A1)
RFWIND IRT
DO 80 NTIME=1sNOJP
NFLG=0
NH=1
NV=2
IF INSKIP LEQs 0y GO TO 9
DO 8 I=1sNSKIP
CALL SKRBIN(LTNs1sRD}
8 CONTINUE
9 CONTINUE
MIX=IMX{NTIME)
MIY=IMY (NTIME)
DO 10 I=1+4000
10 NKNT(1)=1
WRITE (6+1062)
WRITF(651061)
WRITF(6+1083) MIXsMTY
NCLS=1
DO 13 MRP=1sNSCANS
NFLAG?2=1
DO 15 MPR=1,NSPS
IF (NFLG3 «GT. 0) GO TO 18
CALL GET2(DATASNSPS4O0sNCHINSCANOSLTNy TERRINFLAG2 ¢NSTART
INRTLGsMOPFsNCRFs ITYPE sMSFC)
NC=DATA(MIX)*¥SCALF4RTAS
NR=DATA(MIY)®SCALF+RIAS
IF (NC LLTs 1) NC=1
IF (NC oGT. 255) NC=255
IF (NR .LT. 1) NR=1
IF (NR ,GT. 255%) NR=255
NP (Y sNH)=NC
NP (1 sNV)=NR
NFLG2=1
GO TO 15
16 CONTINUE
CALL GETZI(DATASNSPS,0sNCHsNSCANCWLTNS JERRsNFLAG2yNSTART »
INBTLGYMODE +NCRF s ITYPESMSFC)
GO TO (996+1999+,99B+996+999)sIFRR
999 WRITF(6+1070y NSCANO
1070 FORMAT(33HFND-OF=FILF ON INPUT AT SCAN NO, +16}
GO TO 995
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998 WRITE{(&6+1071)
1071 FORMAT(27HIRRECOVERABLE PARITY ERROR )
GO TO 995
996 CONTINUE
NC=DATA(MIX)¥SCALF4+R1AS
NR=DATAIMIY I *SCALF+RIAS
IF (NC LTs 1Y Nr=1
1F (NC GT. 255) Nr=25%
IF (NR LT« 1) NR=1
1F INR ,GTe 255) NR=255
DO 131 l=1sNCLS
IF (NR ,NE. NP(IsHVy) GO TO 11
NENTI{T)Y=NKNT(TI)+1
GO TO 15
1n CONTINUE
IF (NCLS5 «GE., LIMITY GO YO 15
NCLS=NCLS+1
NP (NCLSeNH)=NC
NP (NCLS+NV)=NR
15 CONTINUE
13 CONTINUE
17 CONTINUE
1020 FORMAT (1Xs316)
FIND MINTMUM AND MAXTMUM IR ROW AND COLUMN DATA
MINC=NP (1 KH)
MAXC=NP {1 +NH)
MINR=NP{1sNV)
MAXR=NP (1 sNV)
DO 25 I=1s NCLS
IF (NP{l1sNH) +GTe MAXCY MAXC=NP (1 sNH)
IF (NP{1sNV)Y GT, MAXR) MAXR=NP(Ts+NV)
IF (NP{1sNHY LT, MINC) MINC=NP(Ts+NH)
1F (NP{TsNV) LT, MINR)Y MINR=NP{T NV
25 CONTINUE
TEST FOR SPREAD
NDIFV=MAXR-MINR+
NDTFH=MAXC-MINC+1
1F (NDIFV 4GEs NDIFHY GO TO 19
WRITF{6+1060
WRITE(651063) MIYsMIX
NH=?2
Nv=1
NTEMP=MAXC
MAXC=MAXR
MAXR=NTEMP
NTEMP=MINC
MINC=MINR
MINR=NTEMP
NTEMP=NDIFH
NNDIFH=NDIFV
NDIFV=NTEMP
19 CONTINUE
WRITF{6+1064)
ORDER ROW DATA IN NFCENDING ORDER
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21

20

22

1050
23
14

18

40

1021

BUBBLE-UP
NSORT=NCLS

CONTINUE

DO 20 I=7sNSORT

IF (NPUT1-1sNV) ,GF, NP(TIsNV}) GO TO 20
NTEMP1=NP(]~1+NV)
NTEMP2=NP (1-1 +NH)
NTEMP3=NKNT(I-1)
NP{1-1sNV)I=NP{TsNV)y
NP{I-192NH)=NP (] sNH)
NKNT(I=7)=NKNT{1)
NPi{I.NVI=NTEMP
NP(T+NH)=NTFMP>
NKNT(IY=NTEMP2

CONTINUE

NSORT=NSORT—-1

IF {NSORT .GT, 1) GO TO 21
CALCULATE TARLE

MAXKNT=0

DO 22 1=1+NCLS

1F (NKNT (1) .GT, MAXKNT)Y MAXKNT=NKNT(1)
NFACT=MAXKNT /745

XXX =FLOAT(MAXKNT1/46,0
NFAC=0

IF¥ (NFACT LT« 1) NFACT=1
WRITE{(6+1050) RLANK (NEAC
NFEAC=NFAC+NFACT

DO 23 1=1+46

WRITE(6+1050) ALPNUM(T)WNFAC
FORMAT (3XsARseXs18)
NFAC=NFAC+NFACT

CONTINUE |

GO 70O 18

CONTINUE

WRITE(6+1040) LIMIT

GO T0 17

CONTINUE

PRINT DISTRIBUTION ON PAGE
SET UP LOOP

ITERM=1

IF (NDIFH +EQe. 120y GO TO 40
ITERM=NDIFH/120+1

CONTINUE

NST=1

NSO=NST+119

IF (NSO ,GT, NDIFHY NSO=NDIFH
DO S0 LOOP=1+1TERM
WRITF(6+1065) LOOPsITERM
CORDX{1)=FLOATI(NST+MINC~2)
CORDX(21=CORDX{1)4+80,0
CORDX(33)=CcORDX(1)+110,0
FORMAT (1H1)

IBR=1

DO &0 11=1sNDIFV

DO 66 I=1»120
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66

aNalal

c69

26
31

28

27

1030
30

67
29

ALPHA{ 1) =RLANK

CONTINUE
IF (NFLG +EQ.

1Y GO TO 69

DO 68 I=1sNDIFH

IBIN(IY=0
CONTINUE

CONT INUE

IF (NPIIRSNV)
1A=0

eNEse MAXR-T1I+1) GO TO 6%

DO 26 I=1Bs+NCLS

1E=1

IF (NPU(]TsNVy) ,

IA=TA+]
NWKCR{TAY=NP (1

NE, NP{TIRsNV)Y) GO TO 31

sNH}

NWKCL(TA)=NKNT (1}

CONTINUF
CONTINUE

IR=IE

ORDER X-AXIS
NSORT=1A
NUMCLX=TA

IF (1A LLFE. 1)
CONTINUE

GO TO 30

DO 27 IC=2s+NSORT

IF (NWKCD(IC~-1
NTEMP1=NWKCDI(1]

) oLF4 NWKCD(IC)) GO TO 27
c-1)

NTEMP2=NWKCL(IC—-1)
NWKCD{IC~1)Y=NWKCDTC)
NWKCLEIC~1)Y=NWKCL({IC)
NWKCH{1Cy=NTEMP)
NWKCLI{TICY=NTEMP>

CONTINUE
NSORT=NSORT-3
1F (NSORT .GE.
FORMAT(1X216)
CONTINUE

1F (NFLG .EQ,
IM=1

2) GO TO 28

1) GO 70 91

DO 90 I=1sNDIFH

IF (NWKCD{IM)
ITBINCI y=NWKCL!{
IM=1M+1
CONTINUE
CONTINUE
NM1=NST+MINC-1

«NFe 1} GO TO 90
M)

DO 67 ID=1sNUMCLX

1F (NWKCDIID)
1C=1D

GO 10 29
CONTINUE
CONTINUE

T1A=0

LTe NM1) GO TO 67

DO 64 I=NST NSO

FA=TA+1
IF (NWKCDIIC)

«NFe MINC+I-1) GO TO 64
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XX=FLOAT (NWKCL{TCY) /XXX
TCAR=XX4+1(1,001=1,0/XXX)
ALPHA{TA)Y=ALPNUM({ I1CAR)
1C=1C+1
64 CONTINUE
65 CONTINUE
IF (NFLG LEQ., 1) GO TO 70
C WRITF(IRT) (IBIN(I)sI1=1sNDIFH)
70 CONTINUE
CORDY=FLOAT (MAXR=1T+1)
YMARG=XMARK
IF (NDIFV-I1 .NE, (NDIFV-1-11/10%10)} YMARG=ASTRIK
WRITEL651008) CORPDY»YMARGs (ALPHA(T)»1=135120)
1008 FORMAT(1XsF8,152X9A15120A1)
&0 CONT INUE
NST=NSO+1
NSO=NST+119 :
IF (NSO .GT. NDIFH) NSO=NDIFH
WRITE(6+1010)
WRITF(651011) CORDX(1)sCORDX(2)»CORDX(3)
1011 FORMAT {6X9F10,4350XsF10,4+40XsF10,4)
NFLG=1
WRITF(6+1062)
50 CONTINUE
REWIND LTN
C END FILE 1IRT
80 CONTINUE
C REWIND IRTY
995 CONTINUE
1010 FORMAT (11Xe12({ 10OHX*RERXXERE)
RETURN
END

$IBFTC GETNDA2

SUBROUTINE GET2{DATAINSPSsNSKIP4NCPWsNSCANO, IRWsIERR,NFLAG2
INSTARTsNRTLGIMODE «NrRFS ITYPFsMSFC )
DTMENSION DATA(1)sNDAT(89D)

DATA NFLAG/0/

1F (NFLAG .NF, O y GO TO 12
NTEMP=NCPW¥* (NCRE~-1}

NSCANO=0

NL=36-NBTLG

NBLNG=36/NBTLG

NFLAG=1
NSTMP=(NSPS+NSTART~1 ) ¥NCPW+MSFC*19
NSCANS=NSTMP

NTMP=NSTMP /NBLNG

NSTMP=NSTMP /NBLNG*NBLNG

IF (NSTMP LT, NSCANS) NTMP=NTMP+)]
NSCANS=NTMP

IF (NSKIP LFEQ. 0) GO TO 40?2

DO 401 I=1sNSKIP

NSCANO=NSCANO+1

CALL SKRRIN (IRWs1sRD )
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401 CONTINUF
402 CONTINUF
12 CONTINUE
IFf (NFLAG? .EQ. 0) 6O 7O 10
11 CONTINUE
M= (NSTART-11*NCPW+MSFC*19
IF (MODF LEQ, 1) GO TO 50
CALL REDTPR (TRWsMONFsIFRRINWsNSCANSSNDAT)
GO TO 51
50 CALL REDTPC (IRWsMODE s TFRRsNWsNSCANSINDAT)
51 CONT INUE
1000 FORMAT (1Xs16}
NNW=NW*§g
NFLAG?=0
NSCANO=NSCANO+1
10  CONTINUF
DO 14 NN=1sNCPW
18=M+NBLNG
1D=18/NBLNG
1F=IB-NBLNG*ID
IRTT=NBTLG*IF
M=M+1
1F {1TYPF .FQ. 1) GO TO 15
NDATA=0
CALL FLD(NDATASNLINBTLGSIBITSADAT(ID))
DATA(NN)=NDATA
GO TO 14
15 CONTINUE
DATAN=0,.0
CALL FLD(DATANSNLsNRTLGSsIRBITsNDATI(ID) Y
DATA(NNY=DATAN
14 CONTINUFE
M=M+NTEMP
RE TURN
END

$ORIGIN ALPHAsSYSUT2sREW
$SIBFTC MODa4
SURROUTINF 1SOMET
DIMENSION NTA{256)sNTR(256)s DATAI256)sTIMF(256)sDAT(12)
DIMENSION NTC(256)sNTD{256)
NAMELIST/ZINPUT4/ NCHoNSPSoNSKIP,NBTLGsMODE s IRWsNCHANSNSNCRE 4 NPCRE,
11TYPEsMSFCs
PNPTSL.NPTSU,
IMAXSCNs XMIN o XMAX s YMIN 3 YMAX s NRLSZX s NBLSZY s NSECT s NSMOV
?2sNNIREC
READ {5 INPUT4)
WRITE(6s INPUTY)
NUP=512/NBLSZY
NBLDIR=NRLSZX*NDIRFC
NTIMES=MAXSCN/NUP
CALL CAMRAVI(g9)
NRACK=1
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32
33

24

23

25

17
19

21

20
22

IF (NSKIP .FQ. 0) GO TO 33

DO 32 1=1s+NSKIP

NFLAG2=1

CALL GET3{DAT sNSPS4s0sNCHINSCANOSIRWsIFRR4NFLAG2sNPTSLINBTLGY
12 sNPCRES ITYPE sMSFC)

CONTINUE

CONTINUE

PO 18 MMRR=1sNSECT

NPTSUU=NPTSU

XMIN=FLOAT{NPTSL)
XMAX=FLOAT{NPTSUU)
NDIFF=NPTSUU~NPTSL+1

IF (NSMOV .NE, O) NPTSUM=NDIFF =-NSMOV+}
NFLAG=0

PO 16 MPR=14NTIMFS

IF (NDIRFC) 23+24924
[XR=512-(512/NpLSZX-NUP)*NQLSZX
IXL=0

60 TO 25
IXL=512-(512/NBLSZX~-NUP)*NBLSZX
1XR=0 ;
CONTINUE

1YR=517

1¥YT=0

CALL FRAMEV(0)

DO 10 MRP=14NUP

DO 17 -MMRP=14sNSNCRE

NFLAG?=1

CALL GFT3(DATsNSPS,0sNCHINSCANC, IRWS TERRSNFLAG2 JNPTSL,NBTLG,
1MODF s NPCRESTITYPFE s MSEC)

IF (NFLAG +FQe 0Y GO TO 19
CONTTNUF

CONTINUE

NFLAG=1

DATAC1Y=DATI{NCHAN)

DO 1 I=2sNDIFF

CALL GFT3(DATINSPS,0sNCHINSCANO, IRW,TERRGNFLAG2 4 NPTSL,NBTLG,
IMONE sNPCRES ITYPEWSMSEC)
DATA{T I =DATINCHAN)

CONTINUE

IF (NSMOV ,EQ, 0) 6O TO 22

DO 20 I=1 "sNPTSUM

T1A=1

1B8=TA+NSMOV-1

TEMP=0,0

DO 21 T1=1A+18
TEMP=TEMP4DATALTIT)

CONTINUF

TEMP=TEMP/FLOAT(NSMOV}
DATA(I)=TFMP

CONTINUF

CONTINUF

CALL SETMIV (IXL+IXRsI1YBHIYT)
CALL XSCALV (XMIN+sXMAXs1XLsIXR}
CALL YSCALV (YMINsYMAXSsIYRSIYT)
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DO 11 I=1sNDIFF
TIME{T)=FLOAT(NPTSL-141}
NTALT ) =NYVIDATAC(I)
NTRUT)=NXVITIMFLTI})
11 CONTINUE
DO 12 1=2sNDIFF
CALL LINEV {(NTR{I-1)sNTA(I-1)sNTB(I 1sNTALT )
1?2 CONTINUF
IF (MRP ,LE. 1) GO TO 15
DO 13 1=1sNDIFF
CALL LINEV (NTDUT}sNTCITI)sNTRIT}sNTA(TY})
13 CONTINUFE
15 CONTINUE
DO 14 I=1sNDIFF
NTD(T)=NTB(T})
NTctT)=NTALT)
14 CONTINUE
IXL=TXL+NBLDIR
IXR=1XR=-NBLDIR
1YB=1YB-NRLSZY
1YT=1YT+NBLS2Y
10 CONT INUE
CALL BSRFCD(IRWINRACKsNOF)
16 CONTINUE
REWIND IRW ‘
1F (NSKIP .EQe. O3} GO TO 30
DO 31 I=1sNSKIP
NFLAG?2=1
CALL GET3(DATsNSPS40, NCH,NSCANo,er.IFRR NFLAG2 sNPTSLWNBTLG
1MODE sNPCRESITYPEJMSFC)
31 CONTINUE
30 CONTINUE
: NPTSU=NPTSUU
NTEMP=NPTSL
NP TSL=NPTSU+1
NPTSU=NPTSU+{NPTSU=-NTEMP )+1
18 CONT INUE
RETURN
END

SIBFTC GETDA3
SUBROUTINE GET3(DATAsNSPSyNSKIP NCPW.NSCANO,IRW,IERR,NFLAG2,
INSTARTsNBTLGsMODE sNCREs ITYPEsMSFC)
DIMENSION DATA(1)sNPAT(890}
DATA NFLAG/0O/
1F (NFLAG «NFe 0 ) GO TO 12
NTEMP=(NCRE-1)*NCPW
NSCANO=0
NL=36-NBTLG
NBLNG=36/NBTLG
NFLAG=1
NSTMP=(NSPS+NSTART~1 ) *NCPW+MSFC¥*19
NSCANS=NSTMP
NTMP=NSTMP /NBLNG
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NSTMP=NSTMP/NBLNG*NBLNG
IF (NSTMP LT, NSCANS) NTMP=NTMP+]

NSCANS=NTMP
IF (NSK1IP LEQ., 0) GO TO 402
DO 401 I=1sNSKIP
NSCANO=NSCANC+1
CALL SKRBIN (IRWs1sRD )
401 CONTINUE
407 CONTINUE
12 CONTINUE
IF (NFLAG? .EQ, 0) GO TO 10
13 CONTINUE
M=(NSTART-1)*NCRW+M5FC*19
IF (MODF .FQe 1) GO TO 50 .
CALL REDTPR (IRWsMODFsIERRINWsNSCANSSNDAT)
GO TO 51 '
50 cALL REDTPC (TRWsMODEsTERRINWINSCANSSNDAT)
51 CONTINUE
1000 FORMAT (1Xs16)
NNW=Nw¥g
NFLAG?=0
NSCANO=NSCANO+1
10 CONTINUE
DO 14 NN=1sNCPW
1B=M+NBLNG
1D=IR/NBLNG
1F=I1B-NBLNG*ID
IBIT=NBTLG*IF
M:M'l'j
1F {(ITYPE .EQ. 1)} GO TO 15
NDATA=0
CALL FLD(NDATASNLsNBTLG»IBITsNDAT{ID))
DATA(NN)=NDATA
GO T0 14
1% CONTINUE
DATAN=0,0
CALL FLDI(NATANSNLsNRTLGSsIBITsNDATI(INY)
DATA(NN)=DATAN
14 CONTINUF
M=M+NTEMP
RETURN
END

SORIGIN ALPHAsSYSUT?2+REW
$IBFTC MODS
SURROQUTINF CNTLIN
DIMENSION RAT(12)
COMMON /sLAR /N13,NF3,NT3,2(2560)sKON(3400)sN124NF2,NT2,U(3400),
1Vi3400)
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NAMELIST /INPUTS5/ NCHNSPS,I1RWyNCHANNSNCRE 4NPCREJNPTSL4NPTSU,
2NBTLGIMODE s
21TYPFsMSFCy
ANSKIP,
IMAXSCNINSFCTs MSZXs MSZYs RLKsFHINCZMIN,ZMAXLAR
READ (5 1NPUTSH)
WRITF (6 INPUTS)
CALL OPEN (IRWs1}
IXR=1024,0-BLK+.5
1XL=0
1YR=0
IYT=1136
NCRE=NPCRE
NBLLK=10724,0/8LK+,5
XNBRLK= BLK
FNPTSL=NPTSL
FNPTSU=sNPTSU
NUP=MAXSCN/ {(MSZY-1)*NSNCRE)
NSECT=NSPS/ MSZX
NDIF=(NPTSU-NPTSL+1)/NPCRE
NFLAG1=0
FDIF=NDIF
FRM= MSZY
CALL CAMRAV( 35
NWDS=NCH*NSPS
CALL BUTTV{1)
CALL SETMIV(IXLsIXReIYRIYT}
IF (NSKIP .EQs 0) 6O TO 25
DO 26 I=)sNSKIP
NFLAG2=1
CALL GETSI(DATsNSPS  +0sNCHINSCANO s IRWs TERRyNFLAGZsNPTSL
INBTLGesMODESNPCRESITYPESMSFC)
26 CONTINUE
25 CONTINUE
C READ(IRW}
111=0
CALL FRAMEV{(O)
DO 18 MMRR=1sNSECT
NPLTMP=NPTSL+1
NPTSUU=NPTSU
NPTSU=NPTSU-NPCRE’
NFLAG=0
IMM=0
DO 16 MRPP=1,NUP
F11=111+)
IF (111 .LF. NRLLK}IGO TO 21
CALL FRAMEV(0}
I111=1
IXR=1024.0-BLK+45
IXL=0 '
21 CONTINUE
CALL YSCALVI(1,0 s FDIF  sIYRe1YT)H
CALL XSCALVI1,0sFRMsIXLsIXR}
DO 10 MRP=1, MSZY
IF {(NFLAG1 .NE, 1) GO TO 20
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DO 22 11M=1,NDIF
I MM=TMM+1
IMIzIMI 4+
Z{TMMy=Z (M1}
22  CONTINUF
NFLAG1=0
GO TO 10
20  CONTINUE
DO 17 MMRP=1,NSNCRE
NFLAG?=1
1001 FORMAT(1X316F441)
CALL GETS(DATINSPS  +CsNCHINSCANOS IRWLTERR4NFLAGZsNPTSL,
INBTLGsMODF sNPCRF s ITYPFsMSFCY
IF (NFLAG .FQ, 0) GO TO 19
17 CONTINUE
19 CONTINUE
NFLAG=1
IMM=TMM4+1]
Z(tMMy=nAT{NCHAN)
DO 1 1=NPLTMP,NPTSUUsNPCRE
IMM= MM+ '
CALL GETS5(DATINSPS s0sNCHsNSCANO,IRW,TERRNFLAG2sNPTSL,
INBTLGsMODF+sNPCRESITYPESMSFCY
Z(IMM)=DAT (NCHAN)
1 CONTINUE
10  CONTINUE
1000 FORMAT {1Xs10F10,2)
CablL CONTOR(MSZY sNNTFsFHINCILARBSFNPTSLyFNPTSUsFRMyZMIN,ZMAX)
IXL=FLOAT(IXL}+RLK+,5
IXR=FLOAT(IXR)—-RLK+,5
CALL SETMIV (I1XLsIXRsIYRsIYT)
IMM=0 ‘
IMI={MSZY~-1)%NDIF
NFLAGYI =]
16 CONT INUF
C REWIND IRW
C READ (IRW)
NPTSU=NPTSUU
NTEMP=NPTSL
NPTSL=NPTSU-NPCRE
NPTSU=NPTSU+(NPTSU-NTEMP)~NPCRE
18 CONTINUE
STOP
END
SIAFTC GFTNAS
SURROUT INF GFTS{NATAINSPSINSKIPJNePWINSCANO, IRWSTERRNFLAG2
INSTARTsNRTLGsMONE s NCRES» ITYPEWMSF(C)
DIMENSION DATA(1)sNDAT{ 890)
DATA NFLAG/O/
IF INFLAG «NF, 0 ) GO TO 1?2
NTEMP=(NCRF—-1)*¥NCPw
NSCANO=0
NL=36-NBTLG
NRLNG=36/NBTLG
NFLAG=1
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NSTMP=INSPS+NSTART~1 ) 2NCPW+MSFC*19
NSCANS=NSTMP
NTMP=NSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG
1F (NSTMP LT+ NSCANS) NTMP=NTMP+1
NSCANS=NTMP
1F (NSKIP .FQ. 0) GO TO 402
DC 401 I=1sNSKJP
NSCANO=NSCANO+1
CALL SKRBIN {IRWs14RD )
501 CONTINUE
402 CONTINUF
12 CONT INUE
IF (NFLAG? .FQ, 0y GO TO 10
13 CONTINUE
M= {NSTART=1)*NCPW+MSFC¥*19
IF (MODE .EQ. 1) GO TO 8O
CALL REDTPR (IRWsMODESIERRyNWsNSCANSSNDAT)
GO TO 51
50 cabtl RFENTPC (IRN;MODF,IFRR.NW.NSCANS.NOAT)
51 CONTINUE
1000 FORMAT {1%s+18)
NNW=NW#*g
NFLAG?2=0
NSCANO=NSCANO+
10 CONT INUF
DO 14 NN=1 sNCPW
1B=M+NRLNG
1D=TR/NBLNG
1F=1R~NBLNG*1ID
IBIT=NBTLG*IF
MaM+§
IF (ITYPF .FQe. 1) GO TO 15
NDATA=0
CALL FLPINDATASNLINRTLGIRIT«NRATI(IDY Y
DATA(NN)=NDATA
GO TO t4
15 CONTINUF
DATAN=0,0
CALL FLD(DATANSNLSNRTLG»IRITsNDAT{IN))
DATA({NN)=DATAN
14 CONTINUE
M=M+NTEMP
RETURN
END

$IRFTC CTOR
SUBROUTINE CONTOR(L yMyFHINC,LAB,FNPTSL,FNPTSU,FRM4ZMIN,ZMAX)
NIMENSION T(B)sVI(2)1aV2(2)eP1{319P2{3)sX(R)sY(5)
NIMENSION Vi(3)
¢OMMON /L AR JNT34NE3oNT3,212560)+KON(3400) 2 NI24NF2NT2,U{34N00,
1IVI2400)
LOGICAL JCONF
IF (MeGT e D AND e LaGT a D ANNGFHINC 4GT 200 AND, LAB GF.0} GO TO 1
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WRITFE (£+101) MsLsFHINC
RETURN

1 N=2400
Ne=(ZMAX=ZMIN) /ABSIFHINCY
FH=ZMIN

2 CONTINUF
NLAR=LAR=-1
IF (LAR LFQ, 0) NLAR=LAR+1
DO 15 IH=1sNC
NT>=#

NF2=%

NT =5
V(2)=FNPTSU
Uio)=FRM
VI(iay=FNPTSL
Uia)=1.0
K=1
NLAB=NLAR+1
1F (NLAR ,NF, LAB®)Y GO TO 51
Ku=?

NLAR=0

51 PO 10 IL=2,L
DO 1D-IM=2.M
1(3)=(TL=1)%¥M+1M
1(2)=1t3)~-1
Tigy=1(2)-M
1t1Y=1(4)~1
Tesy=11011
X{1)¥=IM—1
X{2)=1M=~1
X{3)=1M
Xta)y=1M
X{5)=TM=-1
Y(1i=1L-

Y(2)=1L
Yi2)=1IL
Ytsry=1L—
Y{s)=1L—1
122=21(2)
121=1(1)
1Za=1(3)
124=T14)
128=1(8)

1000 FORMAT (1Xs2F10,2+164)
Vit y={Xi1y+Xlayy/»,0
Vit2)=[(Y(1¥+Y 1211 /2,0
V1t31*(Zl1211+Z(12?)+Z(123)+Z(12&))/4 0
DO 4 J=1s4
12=11J)

Vo(1y=XtJy
val2y=yYiJy
Va(31y=21(12)
12Z=1{J+1)
Vatty=X{J+1)
Va{21=¥{J+1)
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1002

59

10
60

61

68

62

61

64

va(2y=2{12)

IF (V2(3) JLF. 0,0 ,AND, V3(3) LLE,.
NVI=V2 (31445

NVaA=V3(4)14.5

IF [NV2? ,FQ. NV3IY G0 TO 4
EORMAT(1Xs3F10,2)

CALL STRIKF(V1sV2sV3sFHsP1sP2,1FER)
IF (1ER JNF. 2} GO TO 4

1F (NF2+? «LF. N) GO TO 59
WRITF (6+100) FHsN

60 TO 60

NF2>=NF?+2

UINF2=131=P1(2)
VINF2~11=P1(1)

KON (NF2-11=0

UINF21=P2(2)

VINF?Y=P2 (1)

KON{NF2)=1

CONTTNUE

CONTINUFE

1IF (N1? ,GF, MNF2) 6O TO 15
JCODF%‘.TRUE.

DO &Y J=NI2sNF?

JTEMP=J

DO 61 JJ=2+442 '

1F (UtJy ,FQ, UtJdyy GO TO 48
IF tviJy FQ, VIJJYyY GD TO s8
CONT INUF

NT>=NT2+>

UtNT2-311=U(N12)
VINT2=-1)=VINTI2)
KONINT2-1)=0
UINT2)=U(NI>+1)
VINT2)1=VINI?2+1)

KON{NI?Y =1

NTI2=NI2+>

GO TO 70

J=JTFMP

JJI=J=-1

JMAX=J

GO 7O B3

JJI=J+1

JMAX =)

Vityi=utd)

Vii2i1=vVidy

Vai1)1=U(JJdy

Vai{2)1=ViJI
JDTF=JMAX-NI>~3

DO 64 JSUB=1+JDIF
JHEX=JMAX=JSUB+
KnDFX=JMAX~JSUB-1
VEJIDNEXy=UIKDFX)
VIJDEXT=VIKDNFX)

NTI2=NI2+2
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IF (JCONF} GO TO 77
NT2=NT?+1

UENT2y=v2 (1)
VINT21=V2(2)
GO TO 70
T2 NT2=NT2+2
UINT?2=11=V1(1)
VINT2~1)=V1I(?)
KON(NT?>-11=0
UENT21=V21{1)}
VINT 2 =V2 (2}
KON(NT?Y =
70 IF (N12 .GE, NF2)Y RO TO 16
DO 71 J=NI2sNF?
JTFMP=J
IF (UIJY JNELUINT2) OR VIJ) NF,VINT2)y GO TO T
JCODF=4FALSFK,
GO TO 68
™ CONT INUF
GO TO &0
156 CONTINUE
NCNT=0
Ji=5
PO 20 J=6+NT?
JI=J
1F tKON{J) .FQ, 1) GO TO 31
1F (NCNT .GT. 4t GO TO 33
DO 32 J1J=J1,JJ
KON(JTJy=0
37 CONTINUE
31 NCNT =0
JIi=J
GO TO 20
21 NCNT=NCNT+1
ch) CONTINUFE
IF (K NF. 2y GO TO 801
CALL LARELIFH)
801 CONTINUE
PO 800 J=gsNT?2
Jub=RXviutJdyy
Jut aNYVIVID))
JUR=NXVIU(J+1 )
JYR=NYVIV(J+1))
WRITF (6+1003) JUL,JVL»JURLJVR
1003 FORMAT{1Xs415)
1F (KON{J+1) NF., 0y caALL LINEV(JULsJVLsJUR»JVRY
800 CONTINUE
15 FHz=FH+FHINC
100 FORMAT (45H WARNING IN SURROUTINF CONTOR AT A HFIGHT OF
1F7.‘ | ]
245 6HNUMBFR OF POTNTS FXCEEDFD ALLOWARLE NUMBFR OF
2189/
42IHFXECUTION CONTINUTNG +//) .
101 FORMAT (284 ERROR IN SURROUTINF CONTOR /711>
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1214=NUMBER OF GRIN ROWS +/+111 >
2241=NUMRFR OF GRID rOLUMNS ,/3F11,73,
334H=NISTANCFE BETWFEN CONTOUR LARFLS +/4+711,
429H=FREQUFNCY OF CONTOUR LARFLS />
E2IMEXECUTION TFRMINATFED /77 )

RETURN

END

$IAFTC STRK
SURROUTTNF STRIKF{V1sV2sV3sFHsP1sP2,1FR}
PIMENSTION VI(1)sV2011sV3{1)1sP1(119P2(119Q(353)
DO & 1=1+2
PI{I)=000
P?{I)=0.0
Qits1)=VI(I1}
Qi1s2)=V2I(I)
& GlTez)=Vall)
1000 FORMAT (1X+3F10,5)
NO 7 1=14+73
I1=1
DO Y J=1Ts+13
IF (Q(3sT1)1-Q{39J)Y 1192
7 DO B8 L=1+3
A=0Q1{L,1T1)
QILsI1=0(L+)
Q{LyJ)i=A
CONTINUF
CONTINUF
CONTINUE
TER=0
TF1Q{3+3) LT ,FH.OR, @{3451).6TFHY RETURN
IF{QUI9) ) aFQeFHANDPOI1332) FQ.FHLAND.G(343),EQ,FH) RETURN
Az{FH=Q{2+111/7{Q(3,11-0{3s3Y)
Pit1y=(Q{1+14-Ql1s2)1%44Q (141
P1(21y={Q(2:s1)1-Q(2s3)1 ) %240 2,1
PY(3)=FH
TF (Q(231) JNF, FH) GO TO 3
IF (Q(3+2) «NF, FHY GO TO 4
P2{1)=0(1s2)
P2(23)=0Q(2+2)
Po(2y=Q{2,y))
IFR=>
RETURN
3 IF (00342 ..6T, FHY GO TO 5
A=(FH=Q{3323)/7{Q{3243271-Q(353))
P2(11=(Q(1s2)=Q{ 122} )%A+0(1+2)
P2(2¥=(Q(292)1-Q{252) ) *%A4Q(24+2)
P2{2)=FH ’
1ER=>
RFTURN
4 TFR=1
P>t1y=P11{1)
Pa(21=P1{2)
P2(3)=FH

b i - |
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RETURN

5 Az ({FH-Q{2+1)11/(Q(241)=Ql34+2))
Pot1)=(Q{1+11-Q{15211%44Q(1,1)
Poi2)=(Q(2:1)1~Q(2+2)1%A4Q( 241
P?2{3)=FH
1ER=?
RETURN
END

$IBFTC MARK
SURROUTINF LARFEL (H)
¢cOMMON /LAR /NIB.NF3vNT3;Z(2560};KONI3400}sNIZoNFZ;NTZ.U(3400),
1V(2400)
12=5
12 11=1241
Dls=0|0
1S=11+41
IF {11+4 GT. NT2) 0 TO 99
DO 10 12=15sNT2
1F [KON(TI?) .EQ. 0) GO TO 11
10 DIS=PTS+SART{UCT2)=U(T12-1) ) ¥¥24(V(12)-V(T12=1))*%2)
11 112=12-1
IF (NIS LT, 270,0y GO TO 12
IM=(T112+411)/) :
INIF=(112~111/2
IF (IDIF +LT. 7Y GO TO 12
nO 20 J=1s+IDIF
TL=1M=-1
1U=TM+J
PIS=SART (ULTUY=ULTL) 1 ¥ ¥4V {TUY=V(TL))¥¥2)
1F (DIS .GT, 68,0y GO TO 16
20 CONTINUF '
GO TO 1?2
16 Is=1L+1
NnO 19 JJ=1Ss1U
19 KON(JJ) =0
REALM=10,0F+10
1F (UCTUY-U(TL) Ne, 0,0) REALM=(v(TU)=V(TILyy/ZtUTTUI=UCILY)
ANGL=ATAN{REALM)
R=(DI5-68.0)/2.0
S=fR.0+R
IF (UL1U}Y 6T, UtILY)Y GO TO 30
1t=10
fu=1IL
IL=11
30 XP=(R*UTUI+SEUITILYI1/DTIS+6.8¥STINIANGL)Y
YP=(R*V{TUY4S¥VITIL)11/DTS5S=6.8*%COS(ANGL Y
DO 18 JJ=1+5
NDz6~JJ
IF LARS{HY LT, 10,0%%(tJ)~1yy GO TO 17
18 CONT INUF
17 CONTINUF
IXP=XP
1YP=YP
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CALL LABLVIHsIXPsI1YPsNDs11+5)

GO YO 1?7
99 RFTURN
FEND
$SORIGIN ALPHA s SYSUTZ2 ¢REW

$IRFTC MODe

97
98

160

SUBROUTINE BWNDR3

DIMENSTION X(12+256)sY(12+256)sMcHAN{12) 3 NN{(
17256}

PIMFNSION NWHICH(12)

1

2561 s KSYM{49) » JSYM{

NAMELTST/TNPUT6/NSraANSsNSTART sNSPSaNcHsNVARSNSYM, [SUMSNRTLG

NAMEL IST/NCHUSE /NWHTCH
EQUIVALENCF (NSCANSNSCANS)
EQUIVALENCE (NSTRT4NSTART)
FQUIVALENCE ({NCOLsNSPS)
FQUIVALFNCE (NCHANJNCH)
ICARD=S )
tPRINT=4A

INTAPE=10

10TAPE=11

READ(ICARD INPUTH)

WRITE (IPRINTSINPUTE)
READ{ICARD s NCHUSE Y
WRITE(IPRINT +NCHUSF)
FORMAT(1Xs714)
FORMAT(1X+12111

READ{ICARD) 5)(KSYM(IJ’T 1+ NSYMy

FORMAT(1Xs60A1}

NFLAG=0

AVE=15UM

APOP=0.0

DXAVF=0,.0

DYAVF=000

NZave=0,0

NSAV=NSCAN

IF (NSKIP +EQ. 0) GO TO 98
DO 97 I=1sNSKIP

CALL SKRBIN(INTAPE,1sNOP)
CONTINUE

CONTINUE

FORMAT(1HY Y

FORMATI®X +11111)

11=1

KK=NSTRT-1
IF{11.FQ.NSCANY GO TO 510
11=11+1

NFLAG?2=1
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KK=KK+1
IF{ITI«NF,.2) GO TO 290
n0 170 JJ=1.NCOL
CALL GETE(X(19JJ)ysNeOLsOsNCHANSNSCANO 3 INTAPESTFRRyNFLAR2,NSTRT,
INBTLGIMONESNCRF s ITYPE S MSF(C)
170 COMTINUE
290 CONTINUE
NFLAG?=1
DO 300 JJ=14NCOL
CALL GETﬁ(Y(l!JJ)gNrOLgOQNfHANQNSCANO;INTAPFvIFRRpNFLAGZ,NSTRT,
INATLGsMODEsNCRFE« ITYPE s MSFC)H
300 CONTINUF
PO 380 JJ=2,NCOL
1J=JJ-1 '
XSUM=0.0
¥YSIM=0,0
ZSUM:0.0
PO 360 TCHAN=1,1SUM
TTICHN=NWHICHITCHAN)
XDIFF=Y{TTICHN» JJ)-Y(TICHNsI N
YDTFF=Y(TICHN»JI) =X TTCHN+JJY
XSUM=XSUM+XNDIFF*XDIFF
YSUM=YSUM+YDIFF*YDIFF
ZSUM=ZSUMLXDIFF*YDTFF
250 CONTINUF :
XSUM=XSUM/AVF
YSUM=YSUM/AVE
ZSUM=Z5UM/AVE
APOP=APOP+1.0
AA=1.0/APOP
BB=1-O”AA
DXAVF=RR¥DXAVF+AA¥YSUM
NYAVF=RQ¥NYAVFLAA®YXSUM
DZAVF=RR¥NZAVF+AA¥Z SUM
XSUM=SART { XSUM)
IF {(XSUM LT, 53,4) GO TO 1365
364 XSUM=53,0
YSUM=53Q 0
GO TO 346
165 CONTTNUE
YSUM=SQRT (YSUM}
1F [YSUM LT, 53,4y GO TO 386
GO TO 364
466 CONTINUF
CALL JNTPBIYSUMsXSUMNFLAGsOs0sKSYM{ 3} NPOP,
2DXAVELDYAVE S
ANZ AVF,
1JIsNSCANS TT oNCOL » JSYMy X s NSTRT o+ NN THNCX)
NSCAN=NSAV
280 CONTINUF
DO §00 JJ=14NCOL
PO 490 TCHAN=1.1SUM
JTCHN=NWHICH({ TCHAN}
XCTTCHNSJJY =Y (TTICHN »J
590 CONTINUE

150



£§00 CONTINUF
GO TO 180
510 CONTINUFE
NFLAG=1
CALL JNTPB(YSUM,XSUMSNFLAGDs0+KSYM([2) 4NPOP,
2DXAVE+DYAVE s '
ANZAVF,
TJJaNSCANS TTaNCOL s JSYMy X« NSTRT NNy TNCX)
REFWIND I1CTAPF
REWINND TNTAPF
C CALL CLEAN
RETURN
END

$IRFTC PLOTTS
SURROUTINF LARFLG{NSTARTsNSTOPs INCRF )
NIMENSTON TOUT (1201
NPRTF=(NSTOP~NSTART+13)/INCRF
11=0
DO 1 1=NSTART+NSTOP,INCRE
11=11+1
IOUTtITY=1/1000
1 CONTINUE
WRITF (65101 (10UT(TYs1=1sNNTF}
11=0
DO 2 1=NSTARTNSTOP,INCRF
11=11+1
10UTLTIIY=1/7100-1/1000%10
2 CONTINUF
WRTITE (6+10) (TOUT(I)Y»I=1+NDIEY
11=0
NO 3 I=NSTART»NSTOP,INcRF
11=11+1
10UT{111=1/10-1/100%1D0
3 CONT INUF
WRITF (6+10) (TOUT(1)s1=1+NDIF)
11=0
DO 4 1=NSTARTsNSTOP,INCRE
11=11+1
10UT(1t)=1-1/710%10
1IF (TOUTITI)Y LLF, O ) TOUT(1I)=0
4 CONT INUF
WRITF (6+10) {TOUT(TI)aI=1sNDIF)
10 FORMAT {11X%X+12011)
RETURN
END

$I18FTC GFTNAG
SURROUTINF GFTHEINATASNSPS NSKIP¢NrPWsNSCANO,, TRW, TERR,NFLAG2 s

INSTARTWNRTLGsMODF sNCRFESTITYPEMSFC )
DIMENSION DATA{1)sNPMAT( 890)

DATA NFLAG/N/

IF INFLAG «NFe 0 3y 6O TO 12
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NSCANO=0
NTEMP=(NCRF=1)%NCPW
NL=2&6-NRTLG
NBLNG=36/NBTLG
NFLAG=1
NSTMP=(NSPS+NSTART~1)*NCPW+MSFC*19
NSCANS=NSTMP
NTMP=NSTMP /NRLNG
NSTMP=NSTMP/NBLNG*NRLNG
IF {NSTMP LT, NSCANS) NTMP=NTMP+1
NSCANS=NTMP
IF (NSKIP .FQ. 0) GO TO 407
DO 401 1=1sNSKIP
NSCANO=NSCANO+1
CALL SKRBIN {IRWs14RD )
401 CONTINUF
402 CONTINUFE
12 CONTINUF
1F (NFLAG? .FGQ, 0) 5O TO 10
13 CONTINUF
M= {NSTART-1)*NCPW4+MSFC*19
IF (MODF .EG. 1) GO TO 50
CALL REDTPR (IRW,MODESIERR4NWsNSCANS4NDAT)
GO TO 51
50 CALL RENTPC (TRWsMODF,TFRR4NWINSCANSHNHATY
51 CONTtNUF
1000 FORMAT (1Xs16)
NNW=Nw¥g
NFLAG>=0
NSCANO=NSCANO+1
10 CONTINUF
DO 14 NN=1.NCPwW
1PR=M+NBLNG
IN=1R/NBRLNG
IF=TR-NALNG*ID
IBIT=NRTLG*IF
M=M+1
IF (1TYPF .FQ. 1) GO TO 15
NDATA=N
CALL FLRINDATASHLsNBTLGSTRITSNDATIINY )
DATA{NN) =NDATA
GO TO 14
15 CONT INUF
DATAN=0,0
CALL FLDIDATANSNLNRTLGsIBITsNDAT(IDY)
DATA(NN)=DATAN
14 CONTINUE
M=M+NTEMP
RFTURN
FND

$IRFTC JOINT
SURROUTINE JNTPRI(DATAHsDATAV,NFLAGsMIX,MIY,ALPNyYUM,NPOP,
PDXAVFE sDYAVE o
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ADZAVFE
1JJIsNSCAN s 1SCANINEOL s 1SYMsNX 3 NSTRT o NNo INCXYY

NDIMENSION INCXY(1)

DIMENSION NP({S4s54%

DIMENSION DATA(I?)

DIMENSION IRIN(256

DIMENSION 1SYM{1)y»1QUIT{100)
DIMENSION NX(Y)sNN(1Y)

PTMENSTON ALPNUML 13saLPHAL12D)1sCORNX ()
DOUBLE PRECISION A(2+2)sFIARFNI2s2)
INTEGER ALPNUMsALPHA+BLANK

DATA ASTRIK/1H*/

DATA XMARK/1HX/

DATA BLANK/6H /
DATA NFLAG4/0/
1060 FORMAT(4BX+25HNATA SWITrH HAS OCcURRFD }

1061 FORMAT(49Xs30HJOINT PRORARILITY DISTRIBUTION
1062 FORMAT(1H1}
1063 FORMAT(44Xs11H X=AXTS 1S +16+6Xs11H Y=AXIS IS s216)
1066 FORMAT (30X +6HPXAVF=2F15,7 s6HNYAVF=3F15,746HDZAVF=,F15,7 )
1040 FORMAT(1H »67H MAXIMUM PRORABILITY OF UNCOMMONALITY EXCEEDEN= CONT
1INUE EXCUTION +216)
1064 FORMAT(1Xs26HSYMROL N7sYyMBOL )
1065 FORMATI11X 2121 (1H*)3/511Xe14*3s55Xs54PART »T1s4H OF 311453 X9 1H%,/
111X+ 7121{1H*}y ‘
1F INFLAGSH ,GT, 0y a0 TO 80
NFLG2=0
1000 FORMATI(1Xs47A11
NFLG=0
Nl=2
IRW=1
NFLGFN=0
IRT=1%1
DO 1 1=1+54
DO 1 J=1,54
NP{1,J) =0
b CONTINUE
REWIND IRT
REWIND IRW
NFLAG4=1
g0 CONT I NUF
IF (NFLAGLGRT, 0y GO TO 13
NC=PATAV+1,.5
NR:DATAH‘!‘I.’P
IF {NC LLT. 1} NC=%
IF (NR ,LT. 1) NR=y
NP(NR,NC]:NP(NR,NC)-}’!
T=84%{NC-11+NR
IRIN(JI) =1 '
IF (JJ LT. NCOLY 60 TO 18
1ARTN{YII=TIRINI2)
WRITFITIRWI{IRINITIT1sII=1sNCOL)Y
15 CONTINUFE
RETURN
13 CONT INUE
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17 CONTINUE
' REWIND IRW
10PT =Y
IN=?
IM=2
RHO=1.0/7(10,0%¥5)
Al1s1)=DXAVE
A(2+2)=NYAVFE
Al1s2)=NZAVFE
Al?2+1)1=NZAVF
CALL DJCOBTLAsIMsINsTOPTsRHOSFRRsFIGFN)
WRITF(651067) Al1s119sA(12)sFIGFNI{1s1)sFIGFN{1+2)
WRITE(6:1067) Al291)9A(2s2)19FIGFN(2s1)sFIGFN(2+2)
1067 FORMAT({1X+2F15,7+10X52F15,7)
PXAVE=1.0/78(1+1)
DYAVE=1,07/A1292)
Al1+1)1=FIGFENTYs 1Y %¥NXAVF
Al192)1=FIGFN{2+11Y¥NXAVF
Al2s1)=FIGENI[1+2)%¥NDYAVF
Al232)1=FIGEN{2+2)%¥DYAVFE
DXAVE=FIGEN(1211#A{1s1}+FEIGFN{122)%A(2+1)
DYAVE=ETIGFN(251 )1 *A(1s21+FIGFN(2:21%A(2+2)
DZAVF=FT1GFNI1+1)1%AC1 9214 TGFNI1s21%A(02+2)4FIGFN{Z291)%A{1s1}
14+FIGFHI2s2)Y%A(291)
WRITF(6s10661 NDXAVFE4NYAVFsNZAVF
1=0
PO 130 NC=1s54
pO 130 NR=1s54
I=141
IF (NP{NRyNC) ,FQ. 0) GO TO 130
XXX =NR*¥NR
YYY=NC¥NC
272 =NR*NC
SUM=nXAVFEXXXX+NYAVFRYYY
14NDZAVERZZ27
IFISUM,GF,1,0160 TO 115
NX(I)y=0
GO TO 130
115 HNX(1)y=-1
120 CONTINUF
WRITF (A+1062)
WRITF{651061)
WRITFE(651066) NXAVF«DYAVFINZAVE
WRITF{6+1064)
CALCULATFE TABLE
MAXKNT=0
DO 22 NC=1s+%2
PO 22 NR=14+573
1 (NP{NRsNry GT, MAXKNT) MAXKNT=NP(NRsN¢)
z? CONT INUF
1 (MAXKNT LT, 486 } MAXKNT=46
NEACT=MAXKNT 7458
XXX=FLOAT (MAXKNTY /46,0
NFAC=0
IF (NFACT LT, 1) NFACT=1
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1050

23

1021

66

68
69

21

64

1008
65

1011

705

WRITE(641060) RLANK JNFAC
NEAC=NFAC+NFACT

DO 23 I=1346

WRITF(6+1050) ALPNUM(T)sNFAC
FORMAT {3XsA836Xs14)
NFAC=NFAC+NFACT

CONT INUE

WRITE(6+1067)

PRINT DISTRIRUTION ON PAGF
CORNX(1)1=0,0
CORDX{(2)y=CORDX{11450,0
CORNX({3)=CORDX(114+110,0

FORMAT (1H1)

DO 65 IENN=1,54

NC=58-~1END

DO &6 I=1s54

ALPHA(T)=RLANK

CONTINUF

IF (NFLG +EQ. 1) GO TO 49

DO 68 I=1s54

IAIN(1)=0

CONTINUE

CONTINUE

DO 64 NR=1+84
XX=FLOAT{NP(NR+NC1

IF {NFLG .FG, 1) G0 TO 9
IRIN(NRY=NP(NRJNCY

CONTINUE
1CAR=XX4(1,001-1.0/XXX}

IF (ICAR .GT, 46 ) ICAR=46
ALPHAINR)=ALPNUM(TcCAR)
CONTINUE

CORNY=FLOAT (N

YMARG=XMARK

IF (NC JNE. 54~IFNN/10%10) YMARG=ASTRIK
WRITF(6+1008) CORDYsYMARGs> (ALPHA{TI)»1=1s54)
FORMAT(1XsF8,1+2XsA14120A1)
CONTINUE

WRITF(5+1010)

WRTITF{6351011) rORPXI(1)sCORPX(2)sCORPX (2}
FORMAT (6X9F10,4450XsF10,4540XsF10,4)
NFLG=1

WRITE(6+1062)

NSURB=1

LOW=NSTRT

CONTINUE

NHT=LOW+120-)
NUPPFR=LWFR+120-1

IF (NUPPFR .GT, NCOL)Y NUPPER=NCOL
WRITE(6210482)

CALL LARFL&E{LOWsNHT 1)

PO 131 TT1=NTsNSCAN

RFADUIRW) (IRIN(JJ) yJdJ=1,sNCOL)
DO 125 JJ=1+NCOL
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ICHECK=TRIN{JJ)
JEHECK=NX (TCHFCK )
1IF (JCHFCK .MF, 0) GO TO 117
1SYM{JJ)y =ALPNUM(NStIR—1)
NN(JJ)y=0
GO TO 135
117  I1SYM{IJJ)y=ALPNUM{NSUR)
NN(JJ) =~
126 CONTINUFE
IF (NFLGFN JNF, 0) 0 TO 118
WRITF{IRT) INN{JJysJJ=1sNCOL)
CALL PLTRFEITSYMaNrOLJNBLK s TNCXY (1) s INCXYI2)sINCXY(3)
TINCXY(4) s NCREY
136 CONTINUE :
WRITF(6+1036) TTs{15YM{JJ),JI=LWER,NUPPER)
1036 FORMAT(5Xs16+120A1)
1035 FORMAT{1Xs16)
131 CONTINUF
NFLGFN=1
REWIND IRW
LWFR=NUPPER+1
LOW=NHI+1
IF  (NUPPER ,LT., NCOL} GO TO 705
965 CONTINUE
1010 FORMAT (11X 12 { 10X HRRERERNE )
: NFLGFN=0
RETURN
END

$IBFTC PLLTS

SURROUTINE PLTBF6(TSYMyNN,NSQR, INCX s INCY NSTX4NSTYNCRF)
DIMENSION TISYM(11)+NBUFFR(K0)
NDATA NFLAG/O/
DATA NFLAG1/0/
I1F (NFLAG «NE. 03} GO TO 10
CALL CAMRAV(135)
CALL BUTTVI)Y

10 CONTINUF
1F {(NFLAG1 NE, 0y <O TO 20
CALL FRAMEVIO)
NCOUNT=0
INCRX=NSTX
INCRY=NSTY
NFLAG1=1
IF (NFLAG .EQ. O} GO TO 11
CALL APRNTV (INCXs INCYsNNsNBUFER, INCRX,INCRY)
INCRY=INCRY+INCX
INCRX=TNCRX+TARS{INCY)
NCOUNT=NCOUNT+1

11 NFLAG=1

20 CONTINUE
NCOUNT=NCOUNT+]
PO 1 I=1s50
NRUFFR({1)=0
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CONTINUE

1A=0

DO 2 T=1sNN

IB=TA+6

1C=1R/&

ID=IR=-IC¥*6

IE=ID*6

TA=TA+1

CALL FLD(NRUFFRIUTIC)sIF16s DsISYM(I))
CONT INUE

CALL APRNTVUINCXsINCY sNNoNBUFFRs INCRX s INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+TABS(INCY)

IF (INCRX oGE. 1023) NFLAG1=0

RE TURN

END

SORIGIN ALPHAsSYSUT2 +RFW

$IBFT

1006

¢ MOD7

SURROUTINE CLASFY

COMMON /LARI/XBARI(42512)sSIGMACAL2:12)sROT(42912412)

COMMON /LARZ/X(12)4ALPHA{49) sNSPSsNSCANS s NCHAN,LTO3LT10sLT11,LT12,
ILTI3sLTI s IXXXsIYYY,
INSTARTSNSTOP,
INBTLGsMODFEsITYPEsMSFCs T4sNCRE

INSKIPs INCXs INCYsNSTXsNSTY

NAMELIST/INPUT7/NPASS,NCLUST

NAMELIST/INPUTA/NSPSINSCANSeNCHs LT14LTOsLTI10sLT114LT124LT13,
INSTARTINSTOP yNBTLG4MODE 9 ITYPEsMSFCs14sNCRESZNSKIP s INCX s INCYsNSTX,
2NSTY s IXXXsIYYY

FQUIVALENCFE (NCHsNCHANY

RFEAD(Ss INPUTT)

RFAD(5+ TNPUTA)

WRITF(&6s TNPUTA)Y

READ{5+1006) (ALPHA(T)sI=1+48}

FORMAT({1Xs60A1)

KOUNT=NCLUST

NSCANS=NSCANS-1

INTTCL=NCLUST+)

DO 1 I=1+NPASS

CALL TRUCK(NCLUSTNPASS }

CALL SFOMRG (NCLUSTIKOUNTINTITCL )

CALL CcLASS (KOUNT 4 Ts NPASS }

NCLUST=KOUNT

IN]TCL=KOUNT+1

CONTINUE

RETURN

END
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$IRFTC GFTHAY _
SURROUTINE GET7(DATAsNSPSsNSKIP,NCPW,NSCANO,IRW,IERR,NFLAG?,
INSTARTsNBTLGyMODFsNCRES ITYPE sMSEC )
DIMENSTON DATA{1)1sNPDAT( 890}
DATA NFLAG/0/
IF (NFLAG JNF, O y A0 TO 12
NSCANO=0
NTEMP=NCPW* {NCRE-1}
NL=36~NBTLG
NBLNG=36/NBTLG
NFLAG=1
NSTMP=(NSPS+NSTART-1 )} ¥NCPW+MSFC*19
NSCANS=NSTMP
NTMP=NSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG
1F (NSTMP (LT, NSCANS) NTMP=NTMP+1
NSCANS=NTMP
IF (NSKIP LEQ. 0) GO TO 402
DO 401 1=14NSKIP :
NSCANO=NSCANO+1
CALL SKRRIN {1RWs1sRD
401 CONTINUF
402 CONTINUF
12 CONTINUF .
IF {NFLAG? .FQ, 0) GO TO 10
13 CONTINUE
M= (NSTART~1)*NCPW+MSFC*19
IF (MODE .FQ. 1) GO TO 50
CALL RENTPR (TRWsMODEsTIFRRoNWsNSCANSSNDAT Y
GO TO 53
50 CALL REPTPC (IRW-MODE+sTFERRyNWINSCANS,NDAT )
51 CONTINUE
1000 FORMAT (1Xs16)
NNW=NW#*g
NFLAG? =0
NSCANO=NSCANO+1
10 CONTINUE
PO 14 NN=1sNCPW
IR=M+NBLNG
ID=IR/NBLNG
IF=1B=NBLNG*ID
IRIT=NBTLG*IF
M=M+1
IF (ITYPF LFQ, 1) 6O TO 15
NDATA=O
CALL FLDI(NDATASNLsNRTLGIBITsNDAT(ID})
DATA{NN)=NDATA
G0 TO 14
15 CONTINUE
DATAN=0,0
CALL FLP(DATANSNLINRTLGSIRIT«NDATIID))
DATA(NN)=DATAN
14 CONTINUFE
M=M+NTEMP
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RETURN
END

$1RFTF PLOTT?
SUARROUTINF LAREL7 (NSTARTsNSTOP,[NCRF )
DIMENSION TOUT (120}
NPTF=(NSTOP-NSTART+1)/1INCRF
11=0
DO 1 1=NSTARTSNSTOP s INCRE
I1=11+1
10UT(I1)=1/10C0
1 CONTINUE
WRITF (69103 (TOUTI(T)sI=1sNDIF}
11=0
DO 2 I=NSTARTSNSTOP s INCRE
11=11+1
tOUT(113=1/1CC~1/1000%10
? CONTINUE
WRITE (6910) (TOUT(TI1s1=1sNDIF)
11=0
PO 3 1=NSTARTINSTOP, INCRE
11=11+1
1OUT(1T)=1/10-1/100%10
3 CONTINUE
WRITF (6510) (10UT(1)s1=1sNDIF)
11=0
DO 4 I=NSTARTsNSTOP,INCRE
T11=11+1
10uUT{11)=1-1/10%10
1F (IOUT(I1) oLE., O } 10UT(11)=0
4 CONTINUE
WRITE (6+10) (TOUT(T)s1=1sNDIF)
10 FORMAT (11Xs12011 ‘
RETURN
END

$IRFTC PLLTTY
SURROUTINE PLTRFTUISYMNN4NSQR, INCX+INCY sNSTXsNSTY 4 NCRFE,
INFLAGINFLAG}
DIMENSION ISYM(1)sNRUFFR{50)
DATA NFLG/O/
IF (NFLG «NFe 0) GO TO 10
NFLG=1
CALL CAMRAV(25)
CALL RUTTVI(1Y
NSQR=1024/1ARS{INCY+INCX)
10 CONTINUE
1F (NFLAG1 .NF, 0y GO TO 20
CALL FRAMEV(0)
NCOUNT=0
INCRX=NSTX
INCRY=NSTY
NFLAG] =1
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11
20

1F (NFLAG FQs 0) GO TO 11

CALL APRNTV { {NCXs INCY sNN s NBUFER s INCRX s INCRY)

INCRY=INCRY+INCX
INCRX=ENCRX+TARS(INCY)
NCOUNT=NCOUNT+1

NFLAG=1

CONTINUE

NCOUNT=NCOUNT+1

DO 1 121,50

NRUFER(1)=0

CONTINUE

1A=0 '

Do 2 I=1 s NNsNCRE

I1R=1A+A

1¢=IR/6

I1D=1R-1C¥*4

IE=1ID*6

T1A=1A+1

CALL FLO{NBUFFR(IC)sIFs6> D, ISYM(T))
CONTTNUE

cALL APRNTV(INCX,INrY,NN.NBUFER,1NcRxaINcRY)
INCRY=INCRY4INCX
INCRX=INCRX+TARS(INCY)

IF (INCRX +GEe 1024!_NFLA61=0
RETURN

END

SORIGIN BRAVO,SYSUT2 +REW
SIRFTC MODTA

10

50

SURROQUT INF TRUCKINCANTsNPASS )

DTIMENSION NNACC (1242561 sMTARI11) s IPRT(256)»1PLOT(256)

DIMENSION NTBL{400)

CcOMMON /LABI/XRAR(QZle]oSIGMA(éZ;lZ)sROT(42;12g12]

COMMON /LABZIXIIZ!oNSYMI&?},NSPSsNSCANS9NCHAN’LT9,

TILT12+LT1 s IXXXHIYYY,
INSTARTsNSTOP,
INRTLGsMODE!ITYPE.MSFC!T4;NCRE;
lNSKIP!INCX!INCY;NSTX,NSTY
NFLGXX=0

NFLAGX=0

REWIND LT11

REWIND LT1

NFLAG1 =0

MFTN=0

IXTY=TXXX#IYYY

NO 10 T=1s1YYY

MTAR{T11 =T

CONTINUE

DO 50 I1=1+400

NTBRL(I)=1]

CONTINUE

DO 11 I=1+1YYY

RFEADILTYI Y (NNAaCC (T s JJy e JI=1sNSPS)
MEIN=MFIN+1
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11

200

106
107

100
101

104
107

105

108

102
110

CONTINUF
NUP=NSPS—-TXXX+1
NCNT=NCCNT+1
NFLAG=0

CONTINUE
111=MTAR(1)

DO 110 JJ=14sNSPS
IF (JJ .G6T, NUPYy GO TO 102
1J=JJ
JIsJJ+IXXX=1
NZERO=0

TENT=0

1SUM=0
JI1J=MTARI(1)
NTEMP= NCCNT+1

DO 101 I=1JsJ1

DO 100 JIJ=1,1YYY
11J=MTABI(JIJ)}

IF ‘NNACC(IIJ’I} CLE. NCCNT .AND- NNACC‘IIJ’I, .NE.

1F (NNACCIITJs11) 10251074106
IF (NNACCITITJs1) +GT. NTEMPY NTEMP=NNACCI{I1JsI)
GO TO 100
NZFRO=NZFRO+1
CONTINUF
CONTINUFE .
IF (NZERC  NE, IX1Y) GO TO 105
DO 103 1=1Js41
DO 104 JlJ=1,1YYY
NNACC(JI1Js1)1=NCNT
CONTINUE
CONTINUF
NCNT=NCNT+1
IF [NCNT ,GT. 400) GO TO 999
GO TO 110
CONTINUE
DO 108 I=1J,J1
DO 108 JIJ=1,1YYY
IF INNACC(JTJsl) oFQa O3 NNACC(JITJs1)Y=NTEMP
CONTINUF
GO TO 110
CONTINUFE
CONTINUE
PO 111 JJ=1sNSEPS
IF (JJ LEQs NS5PS 1 GO TO 111
IF [NNACC{TIIIsJJ) ,LE, NCCANT)Y GO TO 111
IF (NNACCTUTTI+JJ+1y JLF, NreNTY 6O TO 111
IF (NNACCIIT!+JJ)) LLF, ©O) GO TO 111
IF (NNACCITTITsJJ+1ly JLF, 0) GO TO 111
IF (NNACCIIII»JJ} 4EQe NNACCIIITsJJ+1)) GO TO 111
TJeNNACCITTITsdM
JI=NNACC(TITIT,,JJ+1)
1F {JI .GTe 400 ,OR, 1J .GV, 400) GO 7O 111
1F INTBRL{JIY 6T, NTRLITJY)Y GO TO 128
NTRL(IJy=NTRL (J1}
GO TO 111
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125 CONTINUE
NTRL{JIy=NTBRLI({T1J)

111 CONTINUE
1007 FORMAT (1Xsl5)
WRITEILT1) (NNACC(TTT4JJ)9JJ=1sNSPS)
IF (MFIN .GF, NSCANSY GO TO 999
1¥YT=MTAR(1)
READI(LT11) (NNACCUTIYTsJJYsJJ=1sNSPS)
MFIN=MF IN+1
NTFMP=MTABI 1}
1Yy=1YYY-1
DO 121 I=1.1YY
MTAB(T}=MTAB(I+1)
121 CONTINUE
MTARCIYYY ) =NTEMP
GO TO 200
999 CONTINUE
DO 122 1=2s1YYY
111=MTAB(I)
DO 112 JJI=1sNSPS
IF (JJ LEQ@, NSPS 3y 6O TO 112
IF (NNACCITITIsJJ) LE. NCCNT)Y GO TO 112
IF (NNACCUITII sJJ+1) JLE. NCCNT) GO TO 112
IF (NNACCILIIT»JJ) LJLE, 0) GO TO 112
IF (NNACCUITIsJJ+1) WLEe. O) GO TO 112
IF (NNACCUITTIsJJ) LEQe NNACCITIlsJJ+1)) GO TO 112
1J=NNACC(II1,sJ0)
JI=NNACC(TITIT,JJ+1)
1F (JI .GT. 400 ,OR, 1J .GT, 400) GO TO 112
IF (NTRLIJIY .GT, NTRL{TIJ)}Y GO TO 128
NTRLITIJy=NTBLJT)
6D TO 112
126 CONTINUE
NTRL¢(JI=NTRL{1J)
11?2 CONTINUE
WRITE(LTY) (NNACCITIII+,JJ3sJJ=1sNSPS)
122 CONTINUE
END FILE LT1
REWIND LT
REWIND LT11
REWIND LT12
WRITE(6+1007y (NTRL{T131s1=1+400)
DO 113 I=1.+400
IF INTBLII) .FQ, 17 GO TO 113
Ji=I+1
IF INTRL(EJT)Y JNF, Ty GO TO 114
NTRL{JI)=NTRBL (T
114 CONTINUE
113 CONTINUF
11=1
. NTEMP=11
DO 116 1=2,400
IF (NTRL{T}=NTRL{I-1%) 1179118+119
119 IF (NTBLII)  NF, I3 GO TO 117
NTRL{I-1)=NTEMP
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118
117

116

708

1005

115

127

711

11=1141

NTEMP=11

GO TO 116

NTBL(I-1)=NTEMP

GO TO 116

N=NTBLI(T)

NTBL{1-1)=NTEMP

NTEMP=NTRL{N}

CONTINUE

NTBL {400 =NTEMP

WRITF(61007) INTBL(I)s1=1+400)
LWER=1

LOW=NSTART

CONTINUE

NUPPER=LWFR+120~1

NHT=LOW+1720-

1IF (NUPPER ,GT. NSPS 3 NUPPER=NSPS
IDIF=NUPPER-LWER+1

WRITE(651005)

FORMAT{1H1)

CALL LABFL7(LOWsNHT s}

DO 710 11=1,NSCANS

REFAD(LT1) (NNACC(19JJ)9JJ=1+NSPS)
DO 115 JJ=1,N5PS

TR=RNACC{1+JJ)

IF (1R LLEF. 0) GO TO 115
NNACC(1sJJ)=NTBL{IR)

CONTINUE

IF {NFLGXX .GT, 0) GO TO 127
WRITEI(LT12) (NNACC(14JJ)sJd=1sNEPS)
CONT INUE

Ji=0

DO 711 JJ=LWFRsNUPPFR

JI=J1+1
N=NNACC(19JJ)=(NNACC(19JJ)=1)/45%454+2
IPRT{JJ)=NSYM{N)

IPLOT{JI)y=NSYM(N)}

CONTINUE

WR1TF (610013 II!{IPRT(JJ)9JJ=LWFR9NUPPER]
catl PLTRET(IPLOT s INTFsNRLK s INCXs INCY sNSTXeNSTY

INCRESNFLAGX sNFLAG1)

1003 FORMAT(4Xs1691H*s120A1)

710

CONTINUE
REWIND LT1
NFLAGX=0
NFLGXX=)
NFLAG1=0

. LWER=NUPPER+1

570

LOW=NH1 41

IF {NUPPER LT, NSPS 3y GO TO 705
CONT INUE

NCCNT=NCNT-1

END FILE LTY?

REWIND LT1?

RFWIND LT
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$ORIG

[XXX=IXXX—4
IYYY=1YYY~4

LT11=13
RETURN
END

IN - RRAVO+SYSUT2sREW

$IBFTC MOD7B

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015

1016
1017

SURROUTINF SFAMRGINCLUST«KOUNTsINTITCL )

COMMON JLARL/XBAR{A42312)19STIGMALG2912)4ROT(424124512)
COMMON /LAB2/X(121sALPHA{6G) sNSPSsNSCANSoNCHANSLTIsLT10,LT11sLT12,
TLTI3LT1+IXXXeIYYY,
INSTARTSNSTOP,
INBTLGsMODE» ITYPEYMSFC 14+ NCRE
INSKIPsINCX» INCYSNSTX 2 NSTY

DOUBLE PRECISION A(12+12)sEIGEN{12+12"} )
DIMENSION MERGF(150) sMPOP (150)sNEXECI20)sC(42578)19B(12,412)
DIMENSION COMI(24)

FQUIVALENCE(COM( 11 ,NSPS)

FORMATI1X+164+12F10,2)

FORMAT (1Xs4HXRAR 1

FORMATU1Xs16HNIN NOT CONVERG )
FORMAT{1IX s THICLUST=2 163 144MFRGFITCLUST Y= 16}
FORMAT (1Xs5HRHO= +E15.795HERR= +E15,7)

FORMAT (1Xs12F10,4)

FORMAT(1X+1216)

FORMAT (1Xs23HMERGING WILL TAKE PLACE )
FORMAT{1H )

FORMAT (13H OV, MATRIX )

FORMAT (17H NORM FIGEM )

FORMAT (18H P.A, COV. MATRIX )

FORMATU(IH #6HASUM= 4F15,7+THCLUSTERsT4)
FORMAT(1%X »28HXRAR {1sJ)3J=1212)91=1sKOUNT )
FORMAT {(1Xs29HSIGMALTIsJ)sJ=1912)s1=1sKOUNT 3
FORMATU1X s 55HROT {15 TCHANsJCHAN) » JCHAN=1512) s ICHAN=1,512), 1214 KOyNT
n )

FORMAT (1Xs162(12F10.,2})

FORMAT(1H1)}

NFLG=0

CZFCH=FLOATINCHAN}~?,0

IF (CZ2ECH oLEe 0401 CZECH=1,0

REWIND LT10

REWIND LT12

RHO=z1.,0/(10,0%%g)

1F (NSKIP .FQe. 0) GO TO &

DO 7 1=1sNSKIP

CALL SKRRPIN{LT104s1+NOP)Y

CONT INUE

CONTINUE
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DO 5 ICLUST=1+NCLUST
MERGF(ICLUSTy=1CLUST

5 CONTINUE
IM=NCHAN
WRITF(6+1017)
IN=IM
10PT=1
DO 10 ICLUST=INITCLsNCLUST
1F (NFLG .GT, 0) GO TO 11
IF (KOUNT ,GF. 42 )y GO TO 11
KOUNT=KOUNT+1
TFLAG=KOUNT
CALL FETCOR{IFLAGs Cs MPOPsNFLGsINTITCL )
WRITF(6+1001)
WRITE(6921000) TFLAGs (XRAR{IFLAGeI}s1=1+12)}
MI=1
MJ=12
MK=12
DO 500 MM=1,412
WRTITF(6+1000) TFLAG{C(IFLAGYMR) MR=M] MU}
M =M.J+1 :
MJ =MJ+MK~MM

500 CONTINUE
CALL AMTRX (IFLAGsXRARsCsAsNCHAN)
WRITE(6+1008) "
WRITE(6+1009)
WRTITF(6+1005) ((A(MIsMJI)sMI=1412)sMI=1+12)
CALL DJCOBT (AsIMsTINsJOPTsRHOSERRIFIGFN)
WRITF{6+1004) RHOsFRR
WRITF(691305) ((A(MTsMJI)sMI=1912)sMI=1012)
WRITE(6+1008)
WRITF{601005) ({FIGFN(MIsMJ)ysMI=1512)sMI=1512)
IF (ERR L,EQ, 0,0) GO 70 15 '
MERGE(ICLUST) =0 .
KOUNT=KOUNT~-1
WRITF(6s1002)

: GO 70O 10

15 CONTINUE
CALL ROTA {IFLAGsROTSEIGENSNCHANsAsSIGMA)
MERGF(1CLUSTy=KOUNT
WRITE(651003)y 1CLUSTsMFRGE(ICLUST)
MPOP (KOUNT } =MPOP (I CLUST)
IF (KOUNT +FQs 1} GO TO 10
MCLUST=KOUNT-1
DO 20 ICHFCK=1,70
NFXECLICHFCK)=0

20 CONTINUF
MCHECK=1
DO 25 JCLUST=1,NCLUST
IF(MFRGE(JCLUST) LT MCHECK1GO TO 25
MCHECK=MCHECK+)
tF (MFRGF{JCLUST) ,FQ, KOUNT) GO TO 28
JFLAG=MFRGE {JCLUST)
DO 30 TCHAN=1+NCHAN
X{ICHAN)Y=XBAR(JFLAG »ICHAN)~XBAR(KOUNTsICHAN)
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30 CONTINUE
IFLAG=KOUNT

CALL KCHFCK(IFLAGY ROT+XsSIGMA»ASUMsNCHAN)
WRITE(64+1008)
WRITF(6+410121ASUMJFLAG
1F (ASUM .GT. CZFCHY GO TO 25
1FLAG=JFLAG
CALL KCHECKIUIFLAG» ROTsXs SIGMA» ASUMINCHAN)Y
WRITE(6+1008)
WRITE(6+1012)YASUMsJIFLAG
IF (ASUM 6T, CZFCHY GO TO 25
NEXFC{1)Y=NEXFC (1141
NSUR=NFXFC{1Y+1
NEXFECINSUSY=JFLAG
25 CONTINUE
26 IF {NEXEC(1) .FQ, 0) GO TO 10
DO 501 KK=1sNSUB
WRITE{(6+1008) KKyNFXEC(KK)
5§01 CONTINUF
MSUR=NEXFC(1)+)
TOTAL=MPOP{KOUNT)
NO %1 IRUN=?,MSUR
NSUB=NEXEC ( IRUN)
SUM=MPOP ({NSUR}
TOTAL=TOTAL+SUM
31 CONTINUE
INUM=0
DEN=MPOP (KOUNT)
DO 35 ICHAN=1sNCHAN
X{TCHAN)=XBAR{KOUNT s TCHANY%¥DEN/TOTAL
DO 40 JCHAN=ICHANsSNCHAN
INUM=TNUM+1
BlTCHANSs JCHAN Y =C(KOUNT s INUMY*DEN/TOTAL
40 CONTINUFE
35 CONTINUE
DO 4% TRUN=?,MSUR
NSUB=NEXEC({IRUN)
INUM=0
DEN=MPOP {NSUR)
DO 50 TCHAN=1»NCHAN
XCTCHANY =X {TCHAN)Y+XRAR(NSUR ICHAN)Y*DEN/TOTAL
DO 55 JCHAN=TCHANSNCHAN
INUM=TNUM+1
R{TCHANS JCHANY=R{TCHAN» JCHAN Y4+ CINSUBs TNUMY¥NEN/TOTAL
55 CONTINUF
50 CONTINUF
45 CONTINUF
DO 60 ICHAN=1+NCHARN
DO 65 JCHAN=TCHANsNCHAN
ACICHANS JCHAN)Y =R {T1CHANSJCHAN)Y =X TCHAN Y *X (JCHAN)
A{JCHANS TCHANY=ATTCHAN S JCHAN)
65 CONTINUF
&0 CONT INUF
WRITF(6+1009)
WRITF(611005) [(AIMT M) eMI=1912)sMI=1412)
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75
70

85
B0

91

92

93

100
95

CALL DJCORT(AsIM,IN,IOPT4RHOSERRyEIGEN}
WRITE(6+1004) RHOLERR

WRITFI6+1005) {{AIMT s MJYsMI=1+12)sMI=1012)
WRITF(6+1008)

WRITF(651005) ((FIGFNIMIsMJ)sMI=14121sMTI=1412)
IF (FRR 4NE, 0,0} GO TO 10
WRITFE(6+1007)

IFLAG=NEXEC(2)

MPOP(IFLAG)=TOTAL

INUM=0

DO 70 I1CHAN=1NCHAN

XARAR(IFLAGs ICHANI=X(1CHAN)

DO 75 JCHAN=1CHANsNCHAN

INUM=TNUM+

CUIFLAG» INUM)=B(ICHAN+ JCHAN)

CONTINUE

CONTINUE

CALL ROTA (IFLAGsROTsFIGENSNCHANSAsSIGMA)
DO 80 JCLUST=1+NCLUST

DO BS IRUN=2.+MSUIR

NSUR=NEXFC{IRUN) :

IF (MERGE(JCLUST)Y ,NE, NSUR) GO TO 85
MEFRGFE{JCLUST)=1FLAG

CONTINUE

CONTINUE

MERGFI{ICLUST1=1FLAG

IFINFXECI1).FQL,1160 TO 94

1sW=0 :

JCHECK=1

DO 90 JeLUST=1+NCLUST

IDUM=MFERGE (JCLUST
IF{MERGE(JCLUST) (LT (JCHECKIGO TO 20
IF{MFRGE(JCLUST) GT,JCHECKIGO TO 92
IFIISW.EQ.13G0 TO 913

JOHECK=JCHECK+1

IF{JICHECK JEQKOUNTYO TO 94

60 TO 90

MERGE(JCLUST Y =MERGF(JCLUST 1=

1SW=1

GO TO 91

IF (JCHECK +GT, KOUNTY GO TO 94

1SwW=0

I1NUM=0

MPOP { JCHECK)Y=MPOP { T nUM)

NO 95 TCHAN=1sMNCHAN
XBAR{JCHECK s ICHAN}=XBAR(IDUM+ ICHAN)
SIGMA{JCHECK s ICHAN)=SI1GMA L IDUMs ICHAN)
PO 100 JCHAN=ICHANsNCHAN

INUM=TNUM+1

CULJCHECK » INUMY=C (1DUM,s TNUM)

ROT(JCHECK s ICHAN s JCHAN)Y=ROT ( IDUM» TCHAN y JCHAN)
ROT{JCHFCK y JCHAN s ICHANI =ROT ( IDUMs JCHANY I CHAN)
CONTINUF

CONTINUE

PO 94 LCLUST=1+NCLUST
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IF{MFRGF (LCLUST} NF,IDUMIGO TO 9¢
MERGE(LCLUST y=JCHECK
96 CONTITNUE
JOCHECK=JCHECK+1
%0 CONTINUF
64 KOUNT=KOUNT~NEXEC{1)
10 CONTINUE
11 CONTINUE
WRITFILT9) (COM(I)s71=1924)
WRITFILTO) {({XRAR(T+J)sT1=1+sKOUNTY»J=1412)
WRITEILTO) ({SIGMA(T+J)sI=1sKOUNT)sJ=1»12)
WRITF(LTY) (({ROT(TsTCHANSICHAN) s 1=1sKOUNT)s ICHAN=1sNCHAN) s
1JCHAN=1 ¢« NCHAN)
WRITE(691013)
DO 510 [=1sKOUNT
WRITF{641000) T+({XRAR{TsJ)sJ=1912)
510 CONTINUE
WRITE(6s1014)
DPC 511 1=1sKOUNT
WRITE(6+1000) 1+(STAMA(Tsd)ad=1+12)
511 CONTINUE :
WRITF(691015)
DO 512 I=1sKOUNT
WRITF(6+1016} I;((ROYKI 1CHANSJCHANY y JCHAN=1,12) 5 TCHAN=1,12)
512 CONTINUE
' PO 513 1=1+NCLUST
TF{MERGE (1) .,GTKOUNTIGO TO 514
WRITF(6+515)11 +MFRGF (1)
515 FORMAT(1X s THCLUSTERs1491Xs5HCLASS 14
513 CONTINUE
514 CONTINUE
DO 660 1=1sKOUNT
PO 620 I1CHAN=1,NCHAN
DO 610 JCHAN=14NCHAN
BIICHAN JCHANY=ROT (] s JCHANs ICHANY/SIGMA (T ICHAN)
610 CONTINUE
620 CONTINUE
DO 650 ICHAN=1,NCHAN
DO 640 KCHAN=1+NCHAN
5UM=0.0
DO 630 JCHAN=1,NCHAN
SUM=SUM4+ROT (1 s ICHAN s JCHAN) ¥R (JCHANKCHAN)
630 CONTINUE
A{TCHANKCHAN) =SUM
640 CONTINUF
650 CONTINUE
WRITF(6+600) 1
600 FORMAT(1X»13HCLASS FLLIPSFs14)
WRITF(6+1005) ((ALTA»JAY s JA=1sNCHAN) s TA=1 sNCHAN)
660 CONTINUE
REWIND LTe
RETURN
END
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$1BFTF GFTCOR
SURROUTINE FETCOR(IFLAGsCsNPOP 4NFLGsN )
COMMON /LAR1/XRAR(42912)sSTIGMA(A2912)sROT(42512+12)
COMMON /LAB2/X(12)sALPHA{49) sNSPSsNSCANSSNCHANSLTISLT105LT1T14LT12,
ILT13sLTYIsIXs1Yy
1NSTARTSNSTOP,
INBRTLGsMODEs ITYPESMSFCs T4 sNCRFE»
INSKIPsINCX s INCYSNSTXsNSTY
DIMENSION NPOP(1)sC(42+78)sNDAT{255)
DATA NCNT/0/
INUM=0
NFLGY=0
NFLG2=0 )
DO 5 ICHAN=1sNCHAN
XBAR{IFLAGs ICHAN)=0,0
DO 10 JCHAN=TCHANsSNCHAN
INUM=TNUM+1
COIFLAGsINUMY=0,0
10 CONTINUE
5 CONTINUE
KNT=0
40 CONTINUE
IF (NCNT .GE. NSCANSY GO TO 70
NFLG?2=0
READI(LT12Y(INDAT{JJ)ysJJ=1+NSPS)
NCNT=NCNT+1
NFLG1=1
NFLAG?=1
DO 20 JJ=1sNSPS
CALL GFT7 (X(1)sNSPSsOsNCHANSNSCANOZLT10s1ERRSNFLAGZ
INSTARTsNRTLGsMOREsNCRESITYPFsMSFC )
IF (NDATI(JJ) JNE, N} GO TO 30
KNT=KNT+1
NFLG?=1
At1=FLOAT (KNT)
INUM=0
PO 25 ICHAN=1sNCHAN
XBAR(IFLAGsICHAN)={1s0-1.0/A1 1 *XBAR(IFLAGs ICHAN)+X{ICHAN) /AT
DO 26 JCHAN=TCHANSNCHAN
INUM=TNUM+
CUIFLAGY TNUM) =(1,0-1,0/AT)*C{TFLAGs INUM) +X{ ICHAN)*X (JCHAN) /AT
26 CONTINUE
25 CONTINUE
GO TO 20
10 CONTINUF
1F {NFLG2 +FQ, 1) GO TO 20
IF (NDAT(JJ) JNF, N+1} GOTO 20
NSAV=NCNT
NFLG3=]
20 CONTINUE
C WRITF(6+1000) NCNT,KNTsNSAV.NRCKUP,;NsNFLG2sNFLGH
1000 FORMAT(1Xs718)
IF (NFLG? «NF. 03} GO TO 40
IF (NFLG3 «FQ. 0y GO TO 40
NRCKUP=NCNT=-NSAV+]
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CALL BSRFCD(LT10sNRCKUP*14,3RF)
CALL RSRFCDI{LT12sNRBCKUP4RF)
NCNT=NSAV-1
NPOP (N) =KNT
N=N+1
RFTURN
70 CONTINUE
REWIND LT10
REWIND LT12
NFLG=1
RETURN
END

SIRFTF TRXAM

SURROUTINF AMTRX(IFLAG»XBARsCs»AsNCHAN)
DIMENSION XRAR{42+12)sC142+78)
DOUBLF PRECISION A(12+12)
INtM=D
DO 1 ICHAN=1asNCHAN
DO 2 JCHAN=ICHAMsNCHAN
INUM=INUM+1
AC{TCHAN» JCHANI=C(IFLAGs INUM)=XBAR(IFLAGs ICHAN) *XBAR(IFLAGs JCHAN)
Af{ JCHANs ICHANI=ATICHANs JCHAN)

2 CONTINUE :

1 CONTINUF
RETURN
END - ~

$IRFTC ATOR
SUBROUTINE ROTA(IFLAGIROTIFIGENSNCHANSASSTGMA)Y
DIMENSION ROT(424512+12)
NIMENSION SIGMA{42412)
DOURLFE PRFCISION A(12+12)
DOURLF PRFCISION FIGEN{12+12)
DO 1 ICHAN=1sNCHAN
SIGMA{IFLAGSICHAN)=A(ICHAN s TCHAN)
DO 2 JCHAN=]sNCHAN
ROT{IFLAG s ICHANS JCHAN)=EIGEN{JCHANs ICHAN)

2 CONTINUE

1 CONTINUE
RETURN
END

$IBFTF KCEHCK

SURROUTINE KCHFCK (T1FLAG ROT»XsSIGMAs ASUMsNCHAN)
NIMENSTON ROT(42512+12)sSIGMALAZs123 X1}

AS1IM=0,.0

PO 3 ICHAN=1sNCHAN

"-‘;UMsﬂ.O

DO 4 JCHAN=1+NCHAN
SUM=SUM4+ROT{ IFLAGs TCHAN s JCHAN) ¥ X (JCHAN)
4 CONTINUE
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ASUM=ASUM4SUM¥SUM/STGMA{TFLAG ICHAN)
3 CONT INUF

RFTURN

END

$ORIGIN BRAVO,SYSUT2sREW
SIRFTC MOD7C
SURROUTINE CLASS(NCLASS,NTESTsNPASS )
COMMON /LAR1/XRAR{42512)sST1GMA(42412)sROT{42512512)
rOMMON /LABZIthz)gnLPHA(49).NSPSvNSCANSsNCHAN,LT9yLT10,LT11;LT12;
1ILT135LT1 2 IXsNDUMMY,
INSTARTsNSTOP,
INBETLGsMOREs ITYPFsMSFCs14sNCRF s
]NSKIP;IN(X;INCY;NSTX!NSTY
DIMENSICN W(121+MTAR()
DIMENSION NDAT(255,+23)sPRNT(255)
DIMENSICN COMI(24)
FQUIVALENCE{(COM({ 1) 4NSP S}
REWIND LT9
RFEWIND LT10
RFEWIND LT
REWIND LT12
REWIND LT13
NFLAG1=0
LT1=)
1 (NPASS Nf, NTFST) LT1=LT13
CZFCH=NCHAN
IF (NSKIP L.FQ. 0y A0 TO 601
nO 602 1=1+NSKIP
CALL SKRRIN(LT10,1sNOP)
602 CONTINUE
601 CONTINUE
READ(LTOY (COM{T)YsT=1+24)
READILTO) ({XRAR(TsJ)s1=1sNCLASS)sJ=1412)
ReaniLTo) ((SIGMA(Y’J19]=]&NCLASS);J:I’l?}
READILTO) (({ROT(TsICHANSJCHANY s T=1sNCLASS) s ICHAN=1sNCHAN) s
1JcHAN=1 o NCHANY
DO 1 I=1+3
1 MTAERtI)=1
DO 10 IEND=1sNSCANS
READI(LTYI2) (NDAT{I+1)s1=1sNSPS}
NFLAGZ2=1
NO 20 I1SUARAN=1+NSPS
- ALL GFT?(X(l?tNSPS00;NCHAN,NSCAN09LTIODIFRR,NFLAGZ;
INSTART+sNRTLGsMONE sNCRESITYPFsMSFC )
1¥ (NDAT(TISURM.YY T, O 3 NRAT(ISURN21=0
SMALL=1,75%CZFCH
DO 28 ICLASS=]+NCLASS
N0 30 ICHAN=1sNCHAN
W{TCHAN) =X { TCHAN) =XRAR(TCLASS »1CHAN)
10 CONTINUF
AC|UM=0,0
NO 3% ICHAN=1 sNCHAN
SUM=0,0
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40
41
35

25
10316
20

10

650

620

610

DO 40 JCHAN=1sNCHAN

SUM=SUMsW { JCHANY¥ROTLTICLASS» ICHAN s JCHAN)

CONTINUE

ASUM=ASUMASUM¥SUM/STGMALTCLASSs TCHANY

CONT TNUF

1F {ASUM ,GT, SMALL)Y 6O TO 25
SMALL=ASUM
NRAT{ISURNs1)Y=ICLASS

CONTIHUE

FORMATI(1X+3163F10.2)

CONTINUFE
WRITFILT1)Y(NNDATITs11s1=1sNSP5)
CONTINUF

END FILF LT1

REWIND LT

RFWIND LT12

REWIND LT10

IF (NPASS JNF, NTFST) GO TO 804
DO 510 1Z2=14sNSCANS

1Y=MTARBL(1)

REAPILT1I) (NPAT{TAsTY)sTA=1,N5PS)
NTFMP=MTAR( 1)

MTAR{1)=MTARI 2}
MTap{2)=MTAR{3}

MTAB(3)=NTEMP

1F (1Z LT. 3% GO TO 610

DO 520 TA=NSTART+N&TOP

IF (1A FQs 1) GO TO 20

1F (1A+1 6T, NSTOPY) 6O TO 620
11Y=MTAR(2}

IM=MTAR{1}

IN=MTAB(2)

M_NDATITASITM)

N=MNDAT(T1A-1:1IN)

IF M JNF, Ny GO TO &50
IL=MTAB(2)

L=NDAT(TA-1IL)

IF (M JNF. LY 30 TO 650
NHhAT{TAsTIY)=M

GD TO 620

IM=MTAB(1)

M=NDAT{IA-1+IM)

IN=MTAR(2)

N=NDAT{TA-1»IN)

1F (M NF, NY 6D TH 420
L=NNAT{TA+]sTMy

IF (M JNF. LY GO TD 620
NDAT(TASTTY)=M

CONTINUE

1F (17 LTe 23 GO TO £10
L=MTAR({1)

WRITEILT13) (NPATI(1,,Ly»1=1sNSPS)
CONTINUF

NO 611 I=2s73

L=MTARIT)
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WRITF(LT13) (NPDAT(ILsL)sTL=1sNSPSY
611 CONTINUE
g04 CONTINUE
REWIND LT
RFEWIND LTO
REWIND LT13
RFWIND LT10
LOW=NSTART
LwFR=1
BOO CONTINUF
NHT=LOW+120~1
NUPPFR=LWER+120-1
1F (NUPPFR .GT. NSPS ) NUPPFR=NSPS
IDTF=«NUPPER-LWER+]
WRITF(6+1007)
1007 FORMAT(1H1)
CALL LABFL7(LOWsNHT,1)
DO 801 I1=1+NSCANS
READ{LT12) (NDAT(JJ41)sJJd=1,NSPS)
NO 803 JJI=LWERNUPPFR
IR=NRAT(JJs 1)
IRND=I1A=-(IR~1}Y/45%4K+D
PRNT(JJY=ALPHA(TRND}
801 CONTINUE
CALL PLTBF?(PRNT{LWER"IDIF’NBLKyINCX’INCYyNSTX’NSTYvNCREQ
TNFLAGXsNFLAGI)
WRITE(6+1008) 11s (PRNT{JJ),JJ=LWER,NUPPER}
1008 FORMAT{4X»16s1H%*3120A1)
801 CONTINUFE
REWIND LT13
NFLAG1=0
NFLAGX=0
LWER=NUPPER+1
LOW=NHI+T
1+ (NUPPFR LT, NSPS 3y GO TO 800
B0O2? CONTINUF
N ANS=NSCANS—7
RETURN
END
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